












ANNUAL REPORT

OF

PROGRAM ACTIVITIES

U.S, NATIONAL HEART AND LUNG INSTITUTE
/

Fiscal Year 1972

PART II



usS







INTRAMURAL RESEARCH

NATIONAL HEART AND LUNG INSTITUTE

July 1, 1971 - June 30, 1972





INTRAMURAL RESEARCH

Project Reports
Laboratory of Blodieiidstry

1. 1) Chemical and genetic studies of microtiibular proteins.
2) Methionine bios3mthesis and its regulation 13

2. Methionine biosynthesis and its regulation in Salmonella
yeast, and Neurospora crassa . 17

3. 1. Anaerobic metabolism of certain amino acids and other
nitrogen compounds with especial reference to the role
of Bi2 coenzyme and to electron transfer and phos-
phorylation reactions involved. 2. Methane biosynthesis
and one-carbon compound metabolism. 22

4. A dithiol dehydrogenase of Clostridium sticklandii . 27

5. Studies on the g-lysine mutase complex. 29

6. 1) Stereochemical studies of enzymatic reactions.
2) Synthetic studies of organic compounds of biological
interest. 31

7. Studies on the anaerobic metabolism of the branched-
chain amino acids . 36

8. Genetics of NH -assimilatory enzymes in E^. coli K ^
. 38

9. Fast kinetics and mechanisms of biochemical reactions. — 40

10. Enzyme structure and mechanisms of action and control. — 41
11. Allosteric regulation of JE. coli glutamine synthetase. — 46

12. 1) Regulation of glutaminases in E^. coli .

2) Cyclic AMP regulation of the enzymes of glutamine
metabolism.

3) Electrophoretic stain for glutaminase.
4) S3nnposium on the enzymes of glutamine metabolism. 48

13. Glutamate synthase: an iron-sulfide flavoprotein. 51
14. Glutamine synthetase adenylylation and adenylylation

regulation and properties. 54
15. The modulation of glutamine S3nithetase adenylylation and

deadenylylation by metabolic transformation of the P -

16. Resolution and characterization of the electron transport
chain of E^. coli . 59

17. DNA synthesis in E^. coli . 61
18. The Isolation and purification of human platelet myosin

and other contractile proteins from non-muscle sources. - 63
19. The structural and biochemical activity of actin and

myosin. 65
20. Proteolytic fragmentation of fibrinogen. 67

21. Structure of enzymatic fragments of fibrinogen. 69

22. Studies on the relationship of structure to free radical
distribution in the self-radiolysis of an isotopically
labeled protein. 71

23. Studies on the tritiation of a peptide derived from

24. Effects of conformation on the distribution of free
radicals among the amino acid residues of an irradiated
protein. ———— — 76



25. The interaction of actin and myosin. 79

26. Control of the interaction of actin and myosin by
native tropomyosin. 81

27. Cytology of Acan th amoeba . 83

28. Membrane biochemistry. 86

29. Study of motility in amoeba. 88

Laboratory of Chemistry

30. A study of organic and bio-organic systems by magnetic
resonance. 95

31. The characterization of natural materials. 97
32. Characterization of natural products. 100

33. X-ray crystallographic structural studies of natural
and synthetic compounds . 102

34. Structure elucidation of natural products and drug

metabolites. 105

35. Mass spectrometry and structure of natural products. 108

36. The application of mass spectrometry to problems in

biochemistry. 111

37. The use of digital computing in problems in bio-
chemistry. 114

Laboratory of Chemical Pharmacology
Summary 117

38. Mechanism of dimethylbenzanthracene-induced bone
marrow dam^age . 127

39. Mechanism of benzene-induced bone marrow damage. 129

40. Bromobenzene-induced hepatotoxicity . I. Role of

bromobenzene epoxide in bromobenzene-induced hepatic
necrosis. 131

41. Bromobenzene-induced hepatotoxicity. II. Mechanism of

3-methylcholanthrene-induced protection from bromo-
benzene 's hepatotoxicity. 136

42. Bromobenzene-induced hepatotoxicity. III. Role of

glutathione in bromobenzene-induced liver necrosis. 140

43. Studies on drug-induced hemolytic anemia and

methemoglobinemia. 144

44. Indomethacin-induced ulceration of the gastro-

45. Acetaminophen-induced toxicity. I. Acetamlnophen-
induced hepatic necrosis. — 148

46. Acetaminophen-induced toxicity. II. Role of covalent
binding m vivo in acetaminophen-induced necrosis. 151

47. Acetaminophen-induced toxicity. III. Enzyme-mediated
covalent binding in vitro as an index of acetaminophen's
hepatotoxicity. —

^-r
~- 154

48. Acetaminophen-induced toxicity. IV. Species variations
in the acetaminophen-induced hepatic necrosis and
covalent binding. 157

49. Acetaminophen-induced toxicity. V. Role of glutathione
in acetaminophen-induced liver necrosis. 159
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50. Acetaminophen-induced toxicity. VI. Role of metabolism
of acetaminophen. 162

51. A novel assay for erythrocyte carbonic anhydrase and
certain sulfonamide drugs that employs spin labels. 164

52. The synthesis of some spin-labeled analogs of drugs
and enzyme inhibitors. 167

53. Interaction of rat brain microtubule protein with
colchicine and other anti-mitotic agents. 171

54. The mechanism of drug photosensitivity. 174
55. Physicochemical studies of complexes between drugs and

biomolecules . IX. Spin label studies of bovine erythro-
cyte carbonic anhydrase B and human erythrocyte carbonic
anhydrases B and C. 176

56 Physicochemical studies of complexes between drugs and
biomolecules. X. The use of fluorescent and spin-labeled
probes to monitor drug interactions with red cell
membranes. 180

57. Physicochemical studies of complexes between drugs and
biomolecules. XI. Fluorescence polarization as a technique
for measuring drug binding to plasma albumin. 183

58. Physicochemical studies of complexes between drugs and
biomolecules. XII. The interaction of spin-labeled
sulfonamide haptens with receptor sites on sensitized
lymphocytes and immunoglobulins. 185

59. The detection of conformational shifts in cell membranes
during normal and altered function by the use of electron
spin resonance. 187

60. Studies on the steady-state levels of corticosterone
during infusions of corticosterone in hypophysectomized
and in control rats. 189

61. Benzpyrene hydroxylase induction in rat limg, liver and
adrenal glands. 192

62. The effect of electrolytes on transport, storage and
release of biogenic amines by the nerve ending. 194

63. The effect of enzyme induction on synthesis and catabolism
of corticosterone in rats. Analysis by means of steady-

64. Studies on the pharmacology and physiology of the lung. - 199
65. Interaction between nitrofurazone and various tissues

from rabbit or rat. 201
66. Drug metabolism in fetal tissue. 203
67. Protective effects of Dibenamine pretreatment against

CCl^-induced changes in mixed function oxidase systems
of liver microsomes. — 205

68. Destruction of hepatic microsomal hemoproteins by com-
pounds which are likely to form epoxides during their
metabolism. 207

69. Studies on the mechanism of potentiated carbon tetra-
chloride toxicity following pretreatment with acetone
and isopropanol. 209

70. Studies on the tissue distribution and half-life of
fenfluramine and norfenfluramine in the rat. 211



71. Studies on the mechanism of CCl^ and CHCI3 induced
hepatotoxicity . 213

72. Mechanism of renal necrosis Induced by chlorobenzene or
b romob enz ene . 217

73. The effect of chronic administration of bromobenzene on
the tissue binding and urinary excretion of l^C-bromo-
benzene in mice. — 219

74. Covalent binding of halogenated aromatic hydrocarbons in

75. Mechanism of renal and hepatic necrosis induced by
chloroform. 223

76. Metabolism of foreign compounds by alveolar macrophages
of the rabbit. 225

77. Toxic effects of 1, l'-dimethyl-4,4 '-dipyridilium
dichloride (paraquat) in the rat. 227

78. Incorporation of radiolabeled glutamic acid into the
GSH pool of rat liver. 229

79. Studies on the cellular localization of glutathione. 231
80. Autoradiographic approach to the study of drug metabolism

at the cellular level. 233
81. The influence of pH on inhibitory effect of lactic acid

on NE-induced lipolysis and cyclic AMP formation in
isolated fat cells. 235

82. Correlation between ^H-cyclic AMP and total cyclic AMP
formation induced by norepinephrine in isolated fat

cells. ; 237
83. Studies on the mechanism of liver necrosis produced by

diethylstilbestrol. 239

84. Further studies on the oxidation of NADH stimulated by
NADPH and drugs in liver microsomes. 241

85. Effect of 3-methylcholanthrene induction on the carbon
tetrachloride-induced changes in rat hepatic microsomal
system. 244

86. The effects of Dibenamine pretreatment on binding in vivo
of l^CCl^ to liver phospholipids and liver protein. 246

87. Protection by Dibenamine pretreatment against the hepato-
toxicity induced by CCI4, dime thyInitros amine or
thioacetamlde . 248

88. Increased toxicity of sympathomimetic amines in mice
by exposure to cold and the protective effects of
cortisone. 251

89. The effects of Dibenamine pretreatment on tissue levels
of carbon tetrachloride and its metabolite, chloroform. - 253

90. Purification and characterization of the enzymatic Ion
transport system. 255

91. Synthesis of spin labeled cardiac aglycones for electron
spin resonance studies of membrane function. 257

92. An automated assay for the enzymatic ion transport

93. The effect of local anesthetics on smooth muscle re-
sponses: Evidence for an alios teric interaction involving
pharmacologic receptor systems. — — 262
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Laboratory of Technical Development
Summary 265

94. Fluorescent complexes of proteins. 271
95. Methodology in fluorescence measurements. 274
96. Applications of fluorescence in biochemistry . 277
97. Peltier^Seebeck equilibrator. 280
98. Development of new technique with the elution centrifuge. - 282
99. Countercurrent chromatography: Liquid-liquid partition

chromatography without solid support. 284
100. Countercurrent chromatography: Liquid-liquid partition

chromatography without solid support (Part II). 287

101. Countercurrent chromatography: Liquid-liquid partition
chromatography without solid support (Part III). 289

102. An automated method for rapid bacterial and mammalian
cell growth and assay. 292

103. The development of methods for investigating the mechanism
of hemoglobin reactions as well as the reactions of
enzymes essential in cardiology, pulmonary and respiratory
function, and circulation, in vitro , in vivo , and as

modified by disease, particularly genetic, such as sickle
cell anemia. 295

104. Development of stopped- flow micro-calorimetry for the
study of biochemical and cellular reactions application
to clinical biochemistry. 301

105. Discrete cell temperature measurement study. 304
106. Blood flow measurement using nuclear magnetic resonance

techniques. 306
107. Calorimetric measurement of carbon dioxide. 311
108. Reflectance oximeter for continuous saturation measure-

ment of blood oxygen saturation. 313

109(c) Development of the spiral coil menbrane blood oxygenator
and systems for long-term temporary support of pulmonary
and cardiovascular systems. 315

Laboratory of Kidney and Electrolyte Metabolism

110. Volume regulation in duck and human erythrocytes. 327
111. Mechanism of salt and water transport by proximal renal

tubules . 331
112. Function of the thick ascending limb of Henle's loop. — 333

113. Study of ion transport in renal cortical collecting
tubules. — 335

114. Further investigation of the effect of prostaglandins on
the permeability and transport properties of the urinary
bladder of the toad. 337

115. A study of cyclic AMP dependent protein kinase and membrane
phosphorylation in the toad urinary bladder. 340

116. The effect of aldosterone on the metabolism of adenosine
3' ,5 '-monophosphate (cyclic AMP) in the toad urinary

117. The effect of chlorpropamide on the water permeability
response of the toad bladder to vasopressin. 345



118. Cardioglobulin. 347

119. Selectivity and energy level of the binding sites of the
excitation-contraction system in mammalian muscle. 349

Cardiolo^ Branch
Summary 353

120. Technological assessment of echocardiography. 361

121(c) The use of echocardiography to define the genetic pattern
and natural history of IHSS. 362

122(c) Crescendo angina: A controlled study of the relative
effectiveness of medical and surgical therapy. 364

123. Experimental acute nyocardial infarction: Characterization
and treatment of the malignant premature ventricular
contraction. 366

124. Quantification of ventricular regularization in atrial
fibrillation. 367

125. Effects of bradycardia upon the occurrence of ventricular
arrhythmias during myocardial infarction in dogs. 369

126. Effects of nitroglycerin and methoxamine on ischemic
changes and on coronary collateral flew in the isolated
canine heart. ——-— ——— 370

127. Cardiac effects of tolbutamide. 371

128(c) Bradycardia and its complications in the prehospital phase
of acute myocardial infarction. ; 373

129(c) Measurement of left ventricular volume by echocardio-
graphy. 375

130(c) Posterior left ventricular wall thickness in IHSS. 377

131(c) Factors affecting the operative mortality in aortic
valvular disease. 379

132(c) Echocardiographic diagnosis of IHSS by detection of
asymmetrical septal hypertrophy. 380

133. Ineffectiveness of prophylactic atropine in decreasing
arrhythmias and enhancing survival follcwing acute
coronary artery occlusion in conscious dogs. 381

134. Control of heart rate in hyperthyroid cats. 383

135. Correlation between changes in tissue oxygen tension and
ST segment elevation in acute n^ocardial ischemia. 384

136. Effects of hypoxia on the cardiac mechanical and metabolic
responses to inotropic interventions. 386

137. Physiological and biochemical characteristics of a new
group of inotropic agents: Analogues of angiotensin II. 388

138. The deleterious electrophysiologic effects produced by
increasing heart rate during experimental coronary
occlusion. 389

139 . The molecular sequence to cell death in adult mammalian
heart. 390

140. The role of cyclic AMP in norepinephrine-induced changes
in myocardial contractility. 391

141. Mechanism of action of the inotropic effects of
theophylline. 39 3

142. The effects of atropine on the degree of myocardial
ischemia during coronary occlusion in the conscious dog. — 394
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143. The beneficial effects of nitroglycerin on the degree of
myocardial ischemia occurring during coronary occlusion. — 396

144. The combined effect of nitroglycerin and methoxamine on
the degree of myocardial ischemia during acute coronary
occlusion in the conscious dog. 39 7

145. The role of arterial pressure as a determinant of myo-
cardial ischemia during coronary occlusion in the
conscious dog. 39 8

146. Effects of increased arterial pressure on the degree of
myocardial ischemia during coronary occlusion in the

conscious dog. 399

147(c) Nitroglycerin ointment in the prevention of angina
pectoris. ^- 401

148(c) Hemodynamic effects of aorto-coronary bypass grafts in
patients with coronary artery disease. 403

149(c) Non- invasive determination of the pressure gradient in

patients with idiopathic hypertrophic subaortic stenosis. - 405

Clinic of Surgery

150(c) The effects of arterial p02 on cardiac performance in the

early postoperative period. 413

151(c) The quantitative analysis of nonrandom ventricular activity
in atrial fibrillation and its relationship to various
physiologic and pharmacologic influences. 414

152. Correlation of force-velocity relations with changes in
internal ventricular diameter in the assessment of myo-
cardial contractility and ventricular function in the

intact dog. 416

153. Electrocardiographic manifestations of digitalis toxicity
in experimental atrial fibrillation. 418

154(c) Echocardiographic studies of normal and malfunctioning
prosthetic heart valves. — 420

155. Use of coupling devices for rapid nonsuture anastomoses in
the canine aorta. 422

156. Anastomoses in the superior vena cava using a mechanical
coupling device. 424

157. The effects of massive doses of methylprednisolone on

myocardial contractility and peripheral vascular

158. Development and evaluation of a technique for preservation
of canine hearts. 428

159(c) A retrospective clinical review of thy first 100 patients

to undergo combined aortic and mitral valvular replacement

at the National Heart and Lung Institute. 430

160(c) Electron microscopic evaluation of hypertrophied right

ventricular outflow tract. 431

161. A study of long-term physiologic and pathologic effects of

surgically induced changes in pulmonary blood flew, pressure

and oxygen tension in dogs. 432

162. Evaluation of tricuspid regurgitation in cardiac surgical

patients by echocardiography. 433



163(c) Anatomic and physiologic determinant of aortocoronary
vein bypass flow and reactive hyperemia. 434

164(c) Response to cardiopulmonary bypass of urinary sodium in
patients with coronary artery disease undergoing aorto-
coronary saphenous vein bypass. 435

165. Hemodynamic effects of bretylium toyslate in the intact
dog. 436

166. Design and evaluation of an arterial prosthetic graft
material impregnated with a heparin releasing filler
for use in small arteries and in veins. 437

16 7. Development of a technique for performance of coronary
artery bypass grafts in dogs without cardiopulmonary
bypass. 439

168(c) The natural history of functional tricuspid regurgitation
after mitral valve replacement: A seven year follow-up. 440

169. Extended evaluation of the effects of temporary myocardial
anoxia on left ventricular performance and compliance. 441

170. The pathophysiology of intimal hyperplasia of thy venous
graft in the arterial system. 442

171(c) Evaluation of the Starr-Edwards 6520 series disc
protheses. 443

172(c) Long-term follow-up of patients with congenital aortic
stenosis treated with aortic commissurotomy. 444

173(c) Direct impedance cardiography. 445
174. An analysis of the effects of changes in blood pH, p02 and

pC02 on systemic vascular resistance during cardiopulmonary
bypass. 446

175. An assessment of the effects of mechanical ventricular
assistance by external compression during fibrillation on

subsequent contractility and n^rocardial performance. 447

176(c) Effect of cardiopulmonary bypass on capillary

177. An exploration of the usefulness of secondary parameters
in improving accuracy of stroke volume estimation by
computer analysis of aortic pulse contour. 450

178(c) Prosthetic replacement of the mitral valve: Continuing
assessments of the 100 patients operated upon from 1961-

179(c) Effect of volimie expansion on aldosterone excretion in
patients with coronary artery disease. 452

180(c) The management of triple valvular heart disease. 453
181(c) Biotelemetry interface and distribution system for 6-West

intensive care unit. — 454

182. Experimental evaluation of radioisotope powered cardiac
pacemaker (R.P.C.P.) - Phase II. 456

183(c) Continuing study of cardiac valve replacement. — 457

Experimental Therapeutics Branch

184. Studies on the biological role of histamine: Investigations
of histaminase activity in rat tissues. 467
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185(c) Studies on the biological role of histamine: hlstamlnase
activity In various physiological and pathological states.- 470

186(c) Studies on the biological role of histamine: metabolism of
histamine In man. 475

187(c) Studies on thyblologlcal role of histamine: Immunological
release of histamine from leukocytes of normal volunteers
and allergic subjects. 478

188. Studies on the biological role of histamine: participation
of histamine in inflammation. 480

189. Studies on the biological role of histamine and polyamines

:

ornithine decarboxylase and hlstamlnase activities in rat
thymus. 482

190. Effects of pharmacological agents on central neurotrans-
mission processes using the spinal cord as a simple model
system. 484

191(c) Metabolism of hydroxypro line and collagen. 486

192(c) Clinical investigation of cardiovascular drugs. 490
19 3(c) The effect of opiates on respiratory center response to

C02 stimulation. 495
194(c) Urinary excretion of kallikreln in man. 49 7

195. Shock- induced aggression in hypertensive rats. 499

196. A study of factors, particularly serotonin, affecting
gastric secretion in continuously perfused rat stomach. 500

19 7(c) The effects of varying salt Intake on norepinephrine and
dopamine excretion in man. 502

198. Isolation and characterization of hydroxyindole-0-methyl-

199. In vitro studies of tryptophan hydroxylase regulation. 506
200. Tryptophan hydroxylase and phenylalanine hydroxylase:

comparative properties, purification and interactions. 508
201. Characterization of dopamine-3-hydroxylase. 511
202. Renin-angiotensin system of the spontaneously hypertensive

203. Studies on a pineal gland protein kinase. 515
204. Studies on the biosynthesis and metabolism of physio-

logically active amines. 517
205. Studies on the isolation and characterization of

clostridial electron transfer proteins and other iron-
sulfur proteins. —

—

- 519
206. Catecholamine metabolism and blood pressure of spon-

taneously hjrpertensive rats. 522
207. Urinary excretion of kallikreln. 525
208. Unusual linkages in proteins. 528
209. Sensitive, simple assays for esterases of clinical

significance. 531
210. Studies on naturally occurring vasoactive sxibstances. ^— 534
211. Urate crystal induced inflammation in the rat: evidence

for the combined actions of klnins, histamine and
complement. —— 537

212. Droplet countercurrent chromatography (DCC) : theory and
application. — ^- 540

213. Studies on the enzymes involved in the activation of human
plasma kallikreln. — 542



215. Kinins In urine.
216. Isolation and characterization of vasoactive peptides in

the venom of stinging hymenoptera.
217. Studies on the structure of vlllikinin.
218(c) Effects of steroid hormones, protein hormones and electro-

lytes on neural and sensory function.
219 (c

220(c

ODIR - Section of Pathology
S ummary

221(c

222(c

223.

224(c

225.

226(c

227(c

228(c

229(c

230(c

231(c

232(c

233(c

234 (c

235(c
236(c

237(c

238(c

239(c

Trace metal metabolism.
Taste and olfaction. —

550

552
554

557
562
571

Left-sided valvular active infective endocarditis. A
study of 45 necropsy patients.
The mitral apparatus - the functional anatomy of mitral
regurgitation.
Occurrence of intramitochondrial glycogen in canine myo-
cardium after prolonged anoxic cardiac arrest.
Clinical evaluation of transvenous catheter technique for
endomyocardial biopsy.
The cause of luminal narrowing in internal mammary arteries
implanted into canine ti^ocardium.

Relationship between coronary thrombosis and n^ocardial
infarction.
Atresia of right atrial ostium of coronary sinus un-
associated with persistence of left superior vena cava.

A clinico-pathologlc study of 4 adult patients.
Pure collagen plaques on the diaphragm and pleura. Gross,
histologic and electron microscopic observations.
Current status of Starr-Edwards cloth-covered prosthetic
cardiac valves.
The diffuse nature of coronary arterial atherosclerosis
in fatal acute myocardial infarction.
Anatomic studies on cloth-covered Starr-Edwards prosthetic
valves implanted for longer than two months.
The left ventricular papillary muscles. A description of
the normal and a survey of conditions causing them to be
abnormal .

The frequency and significance of coronary arterial thrombi
and other observations in fatal acute myocardial infarction
A study of 107 necropsy patients.
Tke coronary arteries in fatal acute myocardial in-

The pathology of acute n^^ocardial infarction.
Papillary muscle necrosis in active valvular infective
endocarditis .

Right-sided valvular infective endocarditis: A clinico-
pathologic study of 12 necropsy patients.
Electron microscopy of myocardium in hypertrophic
obstructive cardiomyopathy.
The spleen in type 1 hyperlipoproteinemia. Histochemical,
biochemical, macro fluo rimetrie and electron microscopic
observations .

595

601

602

603

605

606

607

608

609

610

611

612

613

„ 615

617
619

620

621

622

623



240(c) Myocardial ultras tructure in acute and chronic hypoxia. 624
241(c) Ultras tructural studies of myocardial biopsies in 31

patients with non-obstructive cardionyopathies . 625
242(c) Ultras tructural studies of myocardial biopsies in 45

patients with obstructive or congestive cardioiryopathy , 626
243(c) Morphologic observations on the cardiomyopathies. 628

ODIR - Section on Experimental Atherosclerosis
Summary — 629

244. The regression of various lipid crystals placed in the
arterial wall. 635

245. Vascular mechanics: arterial wall properties. 636
246. Mechanical behavior of large coronary arteries. 638
247. Blood velocity profiles and wall shear in the aorta and its

major branches . 640
248. Development of canine and miniature swine experimental

atherosclerotic animal colonies. 641
249. ^n vitro study of the influence of temperature on trans-

vascular albumin and lipoprotein flux. 643
250. The development of methods for the in vitro study of

vascular interfacial transport mechanics. 645
251. In vitro studies of the influence of mechanical factors on

transvascular albumin and lipoprotein fliix. 647
252. In vivo studies of aortic intimal histologic and chemical

response to acutely induced mechanical stress. 649
253. The topography of experimental atherosclerotic lesions in

the dog and pig. 651
254. Endothelial nuclear orientation and morphology and its

relation to hemodynamic factors. — 653
255. Characterization of swine plasma lipoprotein. 655
256. Aortic metabolism of plasma lipoproteins. 656
257. Characterization of canine plasma lipoproteins. 658
258. Mathematical theory of renal function. 661
259. Computer simulation of renal function. 663

Molecular Disease Branch
Summary — ^- 669

260(c) The biochemistry and metabolism of plasma lipoproteins:
the structure and genetic control of alphalipoprotein. — 681

261(c) 1) Chemistry and conformation of apoLP-ala, a carboxyl
terminal alanine peptide derived from the very low density
lipoprotein (VLDL) particle. (a) amino acid composition
(b) complete amino acid sequence; (c) physicochemical
properties; (d) recombination of apoLP-ala with lipids.
2). Chemistry of apoLP-Gln-II, a carboxyl terminal gluta-
mine peptide derived from the high density lipoprotein
(HDL) particle, a) complete amino acid sequence.
3). Chemistry and physical properties of bovine parathyroid
hormone, a) physico chemical properties; b) interaction

262(c) Glycolipids and other lipid constituents of normal human

xi



263(c) Tissue lipidoses: abnormal biochemistry In tissue lipid

storage diseases. — 695

264(c) Tissue lipidoses: microscopic studies in tissue lipid

storage diseases. 699

265(c) Enzymatic studies in tissue lipid storage diseases. 702

266(c) The biochemistry and metabolism of plasma lipoproteins:

The metabolism and structure of plasma lipoproteins in

the rat. 708

267(c) NHLI type II coronary Intervention study. 711

268(c) The biochemistry and metabolism of plasma lipoproteins:

The turnover and function of very lew density, lew density

and high density lipoproteins. 714

269(c) The amino acid sequence of apoLP-ser (an apollpoproteln
contained in the very low density lipoproteins) . 719

270(c) The study of the lipid storage disease - metachromatic

271. The biochemistry and metabolism of plasma liporptoeins:

A study of a differentiated mouse liver cell line. 723 J]

272(c) The biochemistry and metabolism of plasma lipoproteins:
Post-heparin lipolytic enzymes and their role in normal and

abnormal lipid transport and clearance. 725

273(c) The biochemistry and metabolism of plasma lipoproteins:
Studies of familial hyperlipoproteinemia. 729

274(c) The biochemistry of plasma lipoproteins: The structure of
very low density lipoproteins. '• 737

275. Adipose tissue hormone-sensitive lipase: Mechanisms for

regulation of activity. 741
276. Metabolism of lung tissue and phagocytic cells, 743

277. Metabolism of guanosine 3' ,5 '-monophosphate in lung. 746

278. Characterization of fat cell cyclic AMP phosphodiesterase
(PDE). 748

279. Role of cyclic AMP and cyclic GMP in modulation of growth,
differentiation and aging of cells in culture. 750

280. Effects of hormones on metabolism of adipose tissue
studied in vitro . 752

281. Adipose tissue metabolism: (1) adipose tissue protein
kinase; (2) release of lipoprotein lipase from fat cells. - 754

282. Release of histamine and other vasoactive agents from
mast cells. 756

283. The effect of hormones _Ln vitro on the metabolism of

rabbit aorta an^of aortic cells in culture. 758

284. Effect of Injury on metabolism of mammalian arteries. 760

285(c) Regulation of hemoglobin chain synthesis in 6-thalassemia.- 763

286. The mechanism of hemoglobin biosynthesis in rabbit reticulo-
cyte cell-free systems. 766

287. The mechanism of hemoglobin switching in sheep and goats. - 769

288. Evolutionary homology of components of the protein
synthesizing machinery. 771

I
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Endocrinology Branch
Summary-

289. Calculation and display of cartesian coordinates in bio-
logical molecules.

290(c) Evaluation of bone disease by radio-densitometry .

291(c) Investigation of the relationship between hypercalciuria
and plasma renin activity in man and dog.

292(c) The effect of calciijm infusions on post-menopausal
osteoporosis .

293(c) Evaluation of secondary hypothyroidism with synthetic

thyrotropin releasing factor (TKF) .

294(c) Studies on the control of calcium absorption: Effect of

sodium chloride loading and depletion.

295(c) Evaluation of the calciimi absorption of calcium-glucose

296(c) The use of 17^ estradiol in the inhibition of the effect

of D-penicillamine on collagen solubility in skin.

297(c) The effect of triamterine on the aldosterone renin system.

-

29 8(c) Growth hormone and calcium absorption.

299(c) Pathophysiologic studies in blood pressure.

300(c) The circadian urinary excretion of ketosteroids in patients

with the adrenogenital syndrome .

301. The effect of prostaglandins upon Cortisol and aldosterone

secretion of hypophysectomized-nephrectomized dogs. :

—

302(c) Family study of cystinuria.

303(c) Studies in the angiotensin responsiveness of patients with

Bartter's syndrome.
304(c) The relationship between ACTH and the angiotensin system. -

305(c) The efficacy of calcium infusions in the treatment of

vitamin D resistant rickets.

306. Renal calcium excretion during metabolic acidosis.

307. Studies on the effect of prostaglandins E]^, A^ , and F2

alpha on the pattern of electrolyte and water excretion,

urinary cyclic AMP excretion, and renal hemodynamics in

the dog.

308(c) Studies on the control of sodium excretion. I. Abnormaliti

of albumin metabolism as a cause of edema.

309. Studies on the control of renal sodium excretion. II. The

role of adrenergic receptors and cyclic nucleotides . —
310(c) Studies on control of calcium and magnesium excretion: In-

testinal absorption and renal excretion of calcium in

metabolic acidosis and alkalosis. '

311. Studies in calcium and phosphorus metabolism. IV. Inter-

action of hormones at the air-water interface.

312(c) Studies in calcium and phosphorus metabolism. VI. Treat-
ment of osteoporosis with calcium infusion and thyro-

calcitonin . ^— ———
313(c) Studies in calcium and phosphortis metabolism. VIII.

773

779

781

783

784

787

789

791

792

79 4

795
796

800
802

803
805

806

80 7

Clinical applications of thyrocalcitonin (TCT)

- 809

811

813

816

818

820

822

xiii



Biochemical Genetics

314. Encoding and decoding of neural information 829

315. Genetic dissection of neural properties 832

316. Electrical properties of neuroblastoma cells 833
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ANNUAL REPORT OF THE

LABORATORY OF BIOCHEMISTRY
NATIONAL HEART AND LUNG INSTITUTE

July 1, 1971, through June 30, 1972

SECTION ON ENZYMES

Research in the Section on Enzymes has been concerned with the

cellular regulation of nitrogen metabolism, amino acid dissimilation, the

mechanism of action of vitamin 6-^2 coenzymes, one carbon compound metabolism,

anaerobic electron transport, the role of bacterial protein kinase in the

regulation of protein synthesis, regulation of homocysteine biosynthesis, and

chemical and genetic studies on microtubular proteins.

Regulation of Nitrogen Metabolism (a) Glutamine Synthetase . Previous studies

showed that adenylylation and deadenylylation of glutamine synthetase (GS)

is an important mechanism for the regulation of this enzyme in E. coli . A

single adenylyl transferase (ATase) catalyzes both adenylylation (reaction 1)

and deadenylylation (reaction 2).

GS + ATP —^iMe ^ GS-AMP + PPi (1)

IIA

ATp cj p
GS-AMP + Pi —

p
> GS + ADP (2)

IID

It has now been found that aimless coupling between reactions 1 and 2 is

prevented by the action of a specifier protein, Pji, which also exists in

two interconvertible forms. One form, PiiA» stimulates the adenylylation
reaction, whereas the other form, PiiD» stimulates deadenylylation. The

interconversion of PllA to Pud* ^s well as the specific effects of each on

the activity of ATase, are under strict metabolite control. a-Ketoglutarate,
ATP and UTP are all required for the conversion of PjIA to Pud* This is

catalyzed by still another enzyme whose activity is inhibited by orthophos-

phate and glutamine and probably involves the covalent attachment of a

uridine derivative from UTP to Pjia- In addition to its allosteric role in

the interconversion of Pil, a-ketoglutarate antagonizes the stimulation of

reaction 1 by PjxA ^^d it stimulates reaction 2 in the presence of Pud-
Cell free extracts contain still another Mn^''" dependent enz3rme activity that

catalyzes the conversion of PuD back to PxiA*

As was noted earlier, the average state of adenylylation of glutamine

synthetase can vary from to 12 depending upon how many of the enzyme's 12

subunits are adenylylated. The present studies show that the steady state

level of adenylylation is specified by the relative concentrations of ATP,

a-ketoglutarate, glutamine, UTP, Mg2+, Mn2+ and of PnA and PxjD- ^^^ results

indicate that the steady state level of adenylylation and hence the activity

of glutamine synthetase is governed by the relative rates of adenylylation

and deadenylylation, which are regulated in a reciprocal manner by the

various metabolites and the two forms of the Pjj-specif ier protein.



The ATase was purified to homogeneity. It has a molecular weight of

137,000 (assuming v = 0.73 ml/g) as determined by the high speed sedimentation
equilibrium technique using absorption optics at 380 nm. Kinetically, the I

purified enzyme behaves similarly to less pure preparations in response to

various effectors and to stimulation by PxiA °^ -^IID"

In an effort to understand the diverse effects of different divalent
cations (Mn^"*", Mg2+, Co^"^, or Zn2+) on the activity and stability of gluta-
mine synthetase, their interaction with the enzjnne was investigated by
measuring the release of protons and changes in ultraviolet spectrum that (

accompany their binding to the enzyme. Four kinetically distinct reactions
were observed at pH 7.2 and 37°: (I). The binding of one molar equivalent
of Mn2+ or of Mg^"^ per subunit of the dodecameric enzyme releases two proton
equivalents; one too fast to measure by the technique used, and the other in

a slow first order process with the half-time of 31 seconds. The rate of the

slow proton release corresponds to the rate of the Mn2+- or Mg2+-induced
ultraviolet spectral perturbation of glutamine synthetase at saturating
concentrations of these ions. An activation energy of 21 kcal/mole enzjmie

subunit was obtained for the metal ion-induced conformational change of

either adenylylated or unadenylylated glutamine synthetase. (II) After
twelve molar equivalents of Mn2+ are bound to the enzjrme, the binding of a

second Mn2+ to a lower affinity site of the subunit causes a fast release of

a single proton, without an accompanying ultraviolet spectral perturabation.
(III). Zn2+ appears to bind with high affinity to sites other than the

high-affinity Mn2+ sites and causes the release of only one proton- per enzyme
subunit with a half-time of about 5 seconds (TV). When Co2+ binds to the

enz3mie, two protons are displaced instantaneously per enzyme subunit. Mn'^'^

competitively displaces Co^"*" from the enzyme in a rapid reaction without
proton release or uptake, suggesting that Co2+ binds to the same high '

affinity sites that bind Mn^"*". Ultraviolet spectral studies show that the
addition of Co2+ to the divalent cation-free enzjrme produces a small rapid
decrease, followed by a slow increase, in the absorbancy at 290 nm with the
final spectral change small in comparison to that induced by Mn2+ or Mg'^"''.

In several instances, therefore, the binding of divalent cations to glutamine
synthetase was demonstrated to precede metal ion-induced conformational
changes. Using these techniques, equilibrium association constants for the
binding of different metal ions to glutamine synthetase were measured.

(b) Glutamate synthase . As noted previously (see last year's report)
the TPNH dependent conversion of a-ketoglutarate and glutamine to two equiva-
lents of glutamate is the first step in a highly divergent metabolic pathway.
The enzyme glutamate synthase which catalyzes this reaction was purified to

homogeniety and its physical, chemical and kinetic characteristics were
studied in detail. The enzjone has a mol. wt. of 800,000 and is composed of

equivalent numbers of two kinds of subunits (mol. wt . 53,000 and 148,000).
The enzyme is an iron sulfide flavoprotein; it contains 8 equivalents of

flavin, (consisting of both FAD and FMN present in a ratio of 6 to 4,

respectively) 38 equivalents of iron and 30 equivalents of labile sulfide per
mole. The enzyme exhibits hyperbolic substrate saturation kinetics. The
Km's for TPNH, a-ketoglutarate and L-glutamine are 7.7, 7.3 and 2.30 yM,

respectively. In accordance with its prominent role in amino acid biosynthe-
sis, it appears significant from the standpoint of cellular regulation that



twelve naturally occuring amino acids produce more than 50% inhibition of the
enzyme at concentrations below 50 mM. TPN is the most effective inhibitor
of the enzyme.

(c) Glutaminase . E. coli contains two glutaminases, A and B, with
pH optima at 5 and 7, respectively. It was shown that the synthesis of

glutaminase A is regulated by "catabolite repression" (which may be reversed
by cyclic AMP) and by the concentrations of NH3 and glutamate in the culture
media. In contrast, the cellular level of glutaminase B is unaffected by
cyclic AMP or metabolites, but its activity is modulated by dicarboxylic
acids, divalent cations and nucleotides. Glutaminase B was purified more
than 6000 fold. It has a M.W. of about 92,000, is cold labile, and exhibits
complex substrate saturation functions. The available evidence suggest that

both glutaminases are concerned primarily with the formation of glutamate
and ammonia from glutamine, however, the need for two separate enzymes
catalyzing the same function is not presently understood. It is noteworthy
that the regulation of glutaminase B by products of energy metabolism and of

glutamine synthetase by products of biosynthetic reactions is comparable to

the allosteric control of other amphibolic pathways in which two separate
enzymes share a common substrate. In the present case metabolite control
could prevent coupling between the two functions that would result in a

"futile cycle" in which glutamine is repeatedly synthesized and degraded to

no apparent end. These metabolite effects could be the basis of control of

a novel amphibolic pathway in which the stored glutamine is a source of amide
nitrogen on the one hand, which is utilized for biosynthetic reactions, and

a source of glutamate on the other hand which is consumed for energy
generation.

(d) Reciprocal effects of cyclic AMP on enz3ane levels. Addition of

cyclic AMP to the growth media of a mutant strain of E. coli deficient in

adenyl cyclase results simultaneously in an increase in the Intracellular
levels of glutamate dehydrogenase and glutamine synthetase and a decrease in

the levels of glutaminase A and glutamate synthase. The level of glutaminase
B is unaffected by cyclic AMP. The cyclic AMP effects are probably mediated
by a specific cyclic AMP binding protein since enzyme levels in mutants
deficient in this protein are not affected by cyclic AMP. Wherease previous
studies had shown that cyclic AMP causes derepression of the synthesis of

enzymes under catabolite control, the reciprocal action of cyclic AMP, in

stimulating the production of some enzymes while inhibiting the formation
of others has not been reported.

(e) Genetics of NH3-assimilatory enzymes . Mutant strains of _E. coli
K12 having an obligate growth requirement for glutamine were isolated and
shown to lack glutamine synthetase. All such strains contain cross reacting
material with rabbit antiglutamine synthetase antibody. Enzyme assays on
extracts from a collection of amino acid auxotropic strains disclosed that a

surprising number of these strains lack either glutamate dehydrogenase or

glutamate synthase; moreover, the only strain exhibiting a growth requirement
for glutamate was a double mutant lacking both of these enzymes. Using
transduction with P^. bacteriophage and in recombination studies with HFj- 1839
it was shown that the structural genes for all three enzymes catalyzing
ammonia assimilation are unlinked. The genes for glutamine synthetase,



glutamate synthase and glutamate dehydrogenase map on the E. coll chromosome
at 74 min. , 66 min. and somewhere between and 55 min. respectively.

Cystathionine y-synthase . Previous studies (see last year's report) showed

that in Neurospora crassa activity of cystathionine ysynthase, the second

enzyme in homocysteine biosynthesis, is subject to allosteric inhibition by
S-adenosyl methionine and to activation by methyltetrahydrofolate. It was

also reported that cystathionine ysynthase is absent in two mutants, me-3
and me-7. It has now been established that the me-3 and me-7 gene products
are proteins of about 65,000 and 135,000 molecular weights respectively.
The catalytically active cystathionine ysynthase is a protein aggregate
formed by the association of these two gene products. The two subunits are

totally inactive by themselves, and the aggregate is inactive in the

absence of the allosteric effector, methyltetrahydrofolate polyglutamate.

Chemical and genetic studies on microtubular proteins . Microtubules are a

eukaryotic cell organelle composed of 2 or more similar glycoproteins
(tubulins). In order to make use of genetic techniques to study tubulin
structure, synthesis, and assembly, the unicellular, photosynthetic

,

biflagellated alga, Chlamydomonas , has been selected for study. Microtubles
are abundant in the flagellae of this organism, and colchicine, which is

known to prevent microtubule assembly by binding to a dlmeric form, has been

shown by other workers to inhibit flagellar regeneration.

Optimum conditions for mutagenizing Chlamydomonas have been studied ^
by scoring for streptomycin resistance after exposure to ultraviolet light
or N-methyl-N'-nitro-nitrosoguanidine. Possible methods of selecting for

drug resistant mutants, i.e., mutants able to swim or form zygotes in the '

presence of colchicine, have been explored by studying the conditions for

gametogenesis , and the phototactic responses of wild type and several
paralyzed mutants.

The effectiveness of other antimitotic agents on flagaller regeneratio
was determined. The millimolar concentrations of various compounds which
allowed flagella to regenerate to one half the control length in 1 hr. are
as follows: colchicine, 1.5; colcemide, 0.4; desacetylthiocolchicine, 0.1;

vinblastine, 0.05; vincristine, 0.1; podophyllotoxin isothruonium derivative
0.4. Lumicolchicine, colchiceine, colchicoside and colchinoic acid had
little or no effect at 1.0 mM concentration.

Protein kinase from E. coli . Other workers have shown that the DNA-
dependent RNA polymerase of E. coli is phosphorylated in vivo, and i^ vitro
by rabbit muscle protein kinase. Since cyclic AMP stimulated protein
kinases are concerned with the regulation of several enzjmies, a study was
initiated to investigate the possible function of E^. coli protein kinase.
A stable protein kinase activity has been isolated from E. coli as a

ribosome-bound protein. This kinase activity catalyzes the ATP dependent
phosphorylation of calf thymus histones and a protein component of the

ribosomal fraction. Future studies will explore the possible role of this
kinase activity in the transcription and translation of the genetic message,
as well as possible effects of cyclic AMP on kinase activity.



Lysine fermentation and Bi 2~coenzyme dependent amino group migration reactions:

Three different oj-amino group migration reactions, catalyzed by Bi2~^°sri2y™^
dependent mutases of Clostridium sticklandli and related bacteria, result in i

the conversion of 3-lysine to 3,5-diaminohexanoate, D-a-lysine to 2,5-diamino-
hexanoate and D-ornithine to 2,4-diaminopentanoate. Pyridoxal phosphate,
also required as cofactor for these novel reactions, may serve as intermediate
carrier of the migrating amino group. Both the ct- and 3-lysine mutases,
which have been purified to homogeneity, are complex enzymes that can exist
in a number of differing forms of varying catalytic activity. Particularly
striking is the tendency of certain forms of 3-lysine mutase to degrade its

bound Bi2~c°^'^^y™s during the catalytic process and to require in situ

regeneration of this coenzjrme for continued activity. This property of the

enzyme shows promise of aiding in elucidation of the reaction mechanism
which, to date, is poorly defined in the case of all known B-|^2~^°s'^^y™^

dependent reactions.

In addition to Bi2~coenzyme dependent 3-lysine mutase, an a-keto-
glutarate dependent transaminase active on 3-lysine also has been discovered
and highly purified. Since the transaminase so far has been found only in

batches of cells deficient in 3-lysine mutase, an essential enzyme of the

L-lysine fermentation pathway, it is tempting to speculate that the bio-
synthesis of these two catalysts may be related in an inverse fashion.

In the D-lysine fermentation pathway the second enzymic step has been
identified as the pyridine nucleotide dependent oxidative deamination of

2,5-diaminohexanoate to form a product tentatively identified as the ring

closed form of 2-amino , 5-ketohexanoate. The dehydrogenase, although
similar in many respects to its counterpart of the L-lysine pathway, namely
3,5-diaminohexanoate dehydrogenase, is nevertheless a distinct and separable

protein entity that has been obtained in essentially homogeneous form.

Anaerobic electron transport and energy conservation reactions in

Clostridium sticklandii: Proteins bearing vicinal sulfhydryl groups are

known to be obligatory catalysts that participate in the anaerobic electron
transport chain involved in coupling the oxidation of certain amino acid

substrates to the reduction of others. As part of a continuing effort to

characterize this low potential portion of the electron transport chain of

C^. sticklandii , a dehydrogenase system that oxidizes dimercaptans but not

monomercaptans has been isolated. This consists of two proteins: an FAD-

linked enzjnne (MW about 120,000) and a low molecular weight heat stable acti-
vating protein. This dehydrogenase system may normally participate in the

lysine fermentation series of reactions, in the DPNH-linked reduction of

glycine or in both. Additional components of the terminal portion of the

glycine reductase system (which also forms ATP) have been obtained in pure
form in order that this system eventually can be reconstructed from its

individual parts and defined as to mechanism.

One-carbon compound metabolism : A specialized biological system for
metabolism of one-carbon compounds, namely the methane bacteria which can
grow on hydrogen and carbon dioxide as sole substrates, is utilized for studies
on the initial steps involved in the reduction of carbon dioxide to methane.
These reactions, which appear to be different in these highly anaerobic systems,

require cofactors as yet unidentified. Methods of Isolation and substances



have been developed in order that they can be Identified and their exact

function ascertained. The increasing awareness of the ecological importance
of the methane bacteria in nature lends a practical aspect to these studies.

&



Annual Report of the
Section of Cellular Physiology-

Laboratory of Biochemistry
National Heart and Lung Institute
July 1, 1971 through June 30, 1972

The research program of the Section on Cellular Physiology continues to

be directed toward two broad areas of biochemistry and cellular physiology;
structure and structure-function relationships of proteins on the one hand
and the role of cell membranes in synthetic activities on cells on the other,
encompassing programs in the areas of (1) the structure and biochemical
activities of the proteins of the contractile system of muscle; (2) the
structure of fibrinogen; (3) radiation damage in proteins; and (4) the
mechanism of protein synthesis and its relationship to cell structure.
The following is a res\ime of some major developments in the research of

the section.

Proteins of the Contractile Systems of Muscle Myosin-Actin Interactions

It is now generally recognized that contraction of muscle involves the
interaction of the two proteins, actin and myosin with ATP, While there is
a voluminous literature on the characteristics of actin-myosin complexes,
no stoichiometry or reproducible quantitative data can be obtained for
this system since, under physiological conditions both proteins exist as
aggregates. However, heavy meromyosin (HMM) , a product of brief tryptic
digestion possessing the actin binding and ATPase sites and constituting
about 75% of the mass of the myosin molecule, is soluble and monomer ic
under conditions of physiological ionic strength and has recently been
effectively employed in a nximber of studies fundamental to the understanding
of this system. Actin, under the same solvent conditions exists as a doiible

stranded linear polymer of very high molecular weight and this property has
been very effectively used in direct binding studies in the ultracentrifuge.

Previous work in this laboratory has demonstrated that one HMM binds to
two actin monomers in the absence of ATP and this binding is so strong
that it has been possible to estimate only a lower limit for the binding
constant. In contrast, kinetic studies of the actin activated HMM ATPase
indicated a much lower affinity in the presence of ATP. From kinetic
studies it was estimated that if the binding of the HMM-ATP complex to
actin follows a normal hyperbolic curve then at an actin concentration
where the actin-HMM ATPase is 85% of Vmax, all but 15% of the HMM should be
complexed with actin. However, in direct measiirement of the binding of HMM
to actin in the presence of ATP using the analytical ultracentrifuge, more
than 60% of the HMM was not bound to actin under these conditions. The
possibility therefore arises that during the steady state hydrolysis of ATP,
the HMM spends more than 50% of the time in the cycle of interaction with
actin and ATP in a "refractory" state unable to bind to actin. In this
case, it might be expected that during the time an HMM molecule goes through
one cycle of interaction with actin and ATP, an actin monomer could bind
and release several HMM molecules so that the turnover rate per actin
monomer would be considerably greater than the turnover rate per HMM
molecule. Kinetic studies have demonstrated that this is indeed the case.



Thus both kinetic and ultracentrifuge studies suggest that HMM exists in a

refractory state during a large part of its cycle of interaction with actin
(

and ATP. This in turn may have significant implications for the contraction
of muscle in vivo . It may be correlated with X-ray diffraction data which
show that, at any point in time, during muscle contraction only a small

fraction of the myosin bridges are actually attached to the actin filament.

The refractory state may also provide a link between the ATPase activity of

myosin and the force-velocity relationship observed for muscle in vivo .

That is, with a kinetic step independent of load etc, the faster a muscle
|

contracts the fewer times a given bridge can interact with the actin filament

per unit change in length and therefore the lower its ATP utilization and the

work performed per unit change in length.

The Ca"*""*" Control Elements of the Contractile System.

While, at the present state of knowledge, it is generally believed that
contraction, per se, requires only myosin and actin filaments plus ATP,

it appears that in the control of this process, contraction and relaxation
are governed by the release and uptake of Ca"^"*" by the sarcoplasmic reticu-
Ivm. The myosin-ATP-actin system itself is insensitive to Ca++ at the
levels this ion occurs in muscle. Ca'*"'" sensitivity is conferred by a

second protein system, native tropomyosin, generally believed to be primar-
ily associated, in muscle, with the actin filaments. Native tropomyosin
itself consists of a complex of proteins — originally two — troponin and
tropomyosin. The former now appears to be composed of three protein
components and the latter on the basis of our recently developed isolation
procedure appears to consist of two different types of tropomyosin.
Activities during the past year have been primarily dedicated to perfecting
a new chromatographic procedure for separating troponin and
tropomyosin which also partially resolves the two tropomyosin components.
The troponin fraction is subseqi ently resolved by another chromatographic
technique which involves as its essential step, also developed in this
laboratory, the removal of all traces of Ca+"'". Although the troponin
components have some effect alone, they work best in the presence of
tropomyosin. The three troponin components can be identified as an
inhibitory component insensitive to Ca"*""*", a second component which reverses
the effect of the first and, although it binds Ca"*""^ strongly does not
confer Ca''"''" sensitivity on the system. The third component confers Ca"'""'"

sensitivity to the system. In contrast to observations in other laborator-
ies, we have been able to acconplish the recombination of these troponin-
components without resorting to solvent systems involving unfolding of the
polypeptide chains. Previous results indicated that the native tropomyosin
system exerts its effect primarily through dissociation of the actin-myosin
system. We are now in a position, with the purified components, to study
their association and stoichiometry with this system.

The Structiire of Actin.

Previous reports have dealt with the isolation and characterization of
the seventeen fragments produced by cyanogen bromide cleavage of the poly-
peptide chain at the methionine residues. The problems of isolating and
purifying the large fragments have now been overcome and the "overlaps" —

I



combining cyanogen bromide and tryptic cleavage — have been identified.

Thus, the seventeen cyanogen bromide fragments have now been ordered. This

work coupled with a somewhat collaborative project of another laboratory
(Dr. Marshall Elsinga of the Boston Biomedical Research Institute) has led

to identification of approximately 90% of the amino acid sequence of

actin and this phase of the project can be considered essentially complete.

Contractile Elements in Non-Muscle Sources .

Previous work in other laboratories has demonstrated the presence of an

actomyosin like protein in blood platelets and in this laboratory two pro-
tein fractions with properties similar to muscle myosin have been isolated.
These proteins have now been further purified and characterized. One appears
to be comparable in all its physical and enzymatic properties to muscle
myosin including molecular weight, activation of its Mg++ ATPase by actin
and the response of the actin-platelet myosin-ATP system to muscle native
tropomyosin (Ca"'"''" sensitivity) . The second component with myosin ATPase
activity appears to be a probable proteolytic fragment of the first myosin
component, and, indeed, a third protein component comparable to the rod
segment of muscle myosin has also been isolated. In addition an actin
component of human blood platelets has been characterized and is identical
in all respects, including the presence of one 3-methylhistidine per mole-
cule, to muscle actin.

More recently working in collaboration with Drs, Ira Pastan and George
Johnson of NCI, both actin and myosin components have been isolated from
cloned fibroblasts.

Enzyme Components of E. coli Membrane .

The electron transport chain in E. coli.

In a continuing program devoted to isolation and characterization of the
electron transport components of E. coli membranes, sol-ubilization of the
cytochromes and major cytochrome linked dehydrogenases has been effected
with the sue of deoxycholate. Solubilization destroys NADH oxidase and
D-lactate oxidase (dissociates the dehydrogenases from the terminal
cytochrome electron transport chain) but leaves succinoxidase activity intact.
These three dehydrogenase activities have been resolved by chromatographic
procedures and the integrity of the succinoxidase, appears to be related
to its isolation as a succinic dehydrogenase — cytochrome bi complex.

DNA Synthesis in E. coli.

Using mild techniques to obtain structural fragments of E. coli , it has
been found that a crude ribosomal fraction accounts for about twenty percent
of the endogenous DNA synthesizing activity. The DNA synthesizing activity
of this ribosomal fraction differs from the soluble DNA polymerase in its
preference for native DNA over heated DNA, its stimulation by ATP, its
sedimentation characteristics, sensitivity to deoxycholate and the extent to
which it is stimulated by added DNA. This activity can be separated from
ribosomes and polysomes and membrane fragments containing the electron
transport chain. It has been established by antibody techniques that this

f



particulate DNA polymerase activity is primarily due to polymerase I but
differs from the soluble polymerase I (Korr±>erg enzyme) in its preference
for native DNA and its activation by ATP,

/i\



Annual Report of the
Section on Cellular Biochemistry and Ultrastructure

Laboratory of Biochemistry
National Heart and Lung Institute
July 1, 1971 through June 30, 1972

Within the general framework of attempting to integrate cell biochemistry
and cell ultrastructure this Section has studied the properties of the
amoeba plasma membrane in relation to pinocytosis and the biochemical basis
of cell motility. For both areas of investigation the small soil amoeba,
Acanthamoeba castellanii , has proved useful

.

An ATPase (amoeba myosin) with many of the properties of muscle myosin has
been purified to near homogeneity from the amoeba . This enzyme has all the
properties expected for a "motility" protein in particular the ability to

interact with actin with a consequent 100 fold activation of the Mg-stimu-
lated ATPase of the amoeba enzyme. Moreover, this muscle actin-amoeba myosin
complex interacts with muscle tropomyosin and muscle tropomins in much the
same way as does the muscle actomyosin complex except for the absence of a

Ca effect. One notable difference between amoeba myosin and muscle myosin
is the low molecular weight of the amoeba enzyme: 130,000 vs 400,000.
Another major difference is the recent discovery that in order for actin to

activate the Mg-ATPase of amoeba myosin another partially purified protein
must be present. This "co-factor" protein needed to form a ternary actin-
myosin-cofactor complex has no counterpart in the muscle system. These
discoveries, together with the earlier isolation of homogeneous actin from
the amoeba, establishes the biochemical basis of motility in the amoeba.

The isolated amoeba plasma membrane has been shown to consist of approxi-
mately one-third each of lipid, protein and phosphoglycoproteins . The lipids
were characterized several years ago. About 50-60% of the protein consists
of one polypeptide chain of molecular weight about 15,000. The remainder of
the protein is distributed among 8-10 minor components. Two closely related
phosphoglycoproteins are present. These are present on the external surface
as shown by the specific binding of concanavalin A and possibly on the
internal surface of the membrane also.

Freeze-fracture electron microscopy reveals globular particles of 40-120 nm
diameter within the plasma membrane in addition to short filaments . In some
preparations actin is associated with the isolated plasma membrane as demon-
strated by electrophoretic and electron microscopic analysis. But it is not
clear whether this is a consequence of specific actin-membrane associations
or non-specific adsorption of actin filaments to the membrane when the cell
is homogenized

.
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Serial No. NHLI-1
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: 1) Chemical and genetic studies of microtubular proteins.
2) Methionine biosynthesis and its regulation. CSee

separate report by Dr. Savin.)
Previous Serial No. 198

Principal Investigators: Martin Flavin
Michael Savin

Other Investigators: Clarence Slaughter (technician)
Gail Stetten Maloney Cvolxinteer, Sept, No-v. 1971,

graduate student of Dr. S. Lederberg, Brown
University)

.

Iris Obrams (Montgomery County Heart Association
Fellow, July-Sept. 1971).

Project Description:

Objectives: Microtubules are a eukaryotic cell organelle present in mitotic
spindles, all eukaryotic cilia and flagellae, nerve axons, and various
locations in the cell cytoplasm. They reveal a characteristic ultra-
structure wherever found, but their function is not precisely known. They
are composed of 2 or more very similar glycoproteins (tubulins) of

molecular weight 60,000. Colchicine prevents assembly by binding to a

dimeric form. The dimer also binds 2 equivalents of guanine nucleotide.
We propose to study certain aspects of tubulin structure using brain as

source material (tubulins constitute 10% of the protein in a high speed
supernatant of rat brain extract). We should also like to make use of

genetic techniques to study tubulin structure, synthesis, and assembly.
The most suitable material for this purpose seems to be Chlamydomonas , a

unicellular, photosynthetic , biflagellated algae. Microtubules are
abundant in the flagellae of this organism, and have been identified in
small amounts in the nucleus and cytoplasm as well. At least 18 genes have
already been identified, mutation in which results in paralysis or abnormal
motility, but none of these has been correlated with a change in the
primary structure of tubulins. The organism is suitable for genetic
studies, and we propose initially to isolate colchicine resistant mutants,
specifically mutants which can regenerate flagellae and swim in the presence
of colchicine or related anti-mitotic drugs.

Major Findings.

The conditions were established for obtaining s3mchronous growth
of Chlamydomonas reinhardi by an alternating cycle of light and darkness,
and for quantitatively amputating flagellae from the resultant homogeneous
population. The kinetics of flagellar regeneration were determined, by

1 ^3



Sertal No. NHLI-1

Imeasuring flagellar lengths with a phase microscope and ocular micrometer,
under standard conditions of culture medium, aeration, and illumination.
Rosenbaum et. al. (J. Cell Biol. 41, 600 (1969)) have shown that colchicine
inhibits flagellar regeneration. We have determined the relative effect-
iveness of a number of other anti-mitotic agents. The results can be
illustrated as follows, where the numbers are the -mill imolar concentrations
which allowed flagellae to regenerate to half the control length in 1 hour:

colchicine, 1.5; colcemide CN-methyldesacetyl-colchicine) , 0.4; desacetyl-
thiocolchicine, 0.1; vinblastine, 0.05; vincristine, 0.1; podophyllotoxin
isothiuronium derivative, 0.4. The following caused little or no inhibition
at the concentrations indicated: lumicolchicine, 3.0; colchiceine, 2.0;

colchicoside, 1.0; colchinoic acid, 1.0. None of the above drugs affected

cell viability; the effects on growth have not been studied. Addition of

0.04% sodium desoxycholate potentiated the inhibition by colchicine about
20 fold, i.e., flagellar regeneration was now inhibited 50% by 0.08 tM
colchicine. Neutral detergents did not potentiate colchicine inhibition,

but Brij 58 (1%) itself caused flagellae to be shed in 90 -minutes.

Flagellae also became detached after lowering the temperature of a cell

suspension in minimal medium to 0°. In contrast to the other drugs,
colchicine inhibition was established only after a lag period, and the

concentration required to arrest further regeneration after an initial
10 minutes was quite high. J]

Optimum conditions for mutagenizing Chlamydomonas have been studied
by scoring for streptomycin resistance after exposure to ultraviolet
light or N-methyl-N'-nitronitrosoguanidine. Possible methods of selecting
for drug resistant mutants, i.e., mutants able to swim or form zygotes in

the presence of colchicine, have been explored by studying the conditions
for gametogenesis, and the phototactic responses of wild type and several
paralyzed mutants.

A specific project is tubulin chemistry has not yet been selected.
The conditions for assay by binding of ^jj-colchicine have been determined,
and tubulin has been purified to homogeneity from rat brain, as judged by
urea gel electrophoresis after reduction and alkylation. Two protein bands
were observed when the alkylation was omitted. An incidental finding
was that binding of -^H-colcemide was similar to that of 3H-colchicine in

most respects, but the final extent of binding was only half as great.

Gail Maloney undertook some independent studies of a fission yeast,

and initiated the genetic mapping of a colcemide resistant mutant.
Colcemide affects the wild type by inhibiting cell, and possibly also
nuclear, division. Colchicine is not inhibitory. Attempts were made to

show colchicine inhibition by supplementing media with detergents, and

by selecting for a possible colchicine-hypersensitive mutant by adding
2-deoxyglucose to colchicine containing medium (cells able to divide in

this medium form defective cell walls)

.
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Proposed course of project

Flagellar microtubules, including the basal bodies from which they
originate, are complex organelles, and the elucidation of their molecular
structure and the mechanisms of their assembly and motility is a long term
problem. Chlamydomonas is probably the organism of choice only if new and
informative kinds of mutants can be obtained. We therefore plan to

conclentrate on genetic experiments with this organism at first. Our
immediate objective is to obtain mutants with amino acid substitutions
in tubulin such that colchicine is no longer botind, and microtubxiles can
be assembled in its presence. It may prove difficult to select for snch
mutants. It also appears that colchicine binding has been conserved in

evolution, suggesting that the desired mutants might be lethal. We
rather hope that in time alternative genetic approaches will suggest
themselves.

In the meantime we plan to begin studying some aspects of txibulin

structure or function with brain microtubules. This is a field which is

in rapid flux and has many loose ends. Possible projects in tubulin structure
are: the nature of the carbohydrate moiety, the possible presence of
unusual (i.e., methylated) amino acids, the number of tubulin species,
their differences, and whether the dimer is a homo- or heterodimer. A
variety of chemical modifications could be tested to see whether they
would yield stable, soluble monomers or colchicine-binding dimers
(purified native tubulins aggregate and precipitate, and can be studied
only as denatured proteins). Other possible projects are: affinity
labeling with colchicine or guanine nucleotides; the possible role,
in assembly, of guanine nucleotide translocation between 2 sites; and
a search for an energy transducing protein which is presumably associated
with brain microtubules.

Part B YES
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Project Description:

Objectives: Methionine plays an important role in the metabolism of the

microbial cell. In addition to its contribntion to protein, it is a source
of methyl groups for a variety of compounds, of polyamines, and of the

methionyl-tRNA species which is the initiator of protein synthesis. The

enzymes involved in its biosynthesis and their regulation are therefore

of considerable interest. Homocysteine, the immediate precursor of

methionine, is synthesized in Salmonella and Neurospora crassa by three

sequential enzymatic reactions: 1) formation by a transacylase of

0-acylhomoserine from homoserine and an acyl CoA derivative (succinyl CoA

in Salmonella , acetyl CoA in Neurospora ) ; 2) formation of cystathionine
from 0-acylhomoserine and cysteine by cystathionine ysynthase; and 3)

cleavage of cystathionine by 3-cystathionase to form homocysteine. In yeast,

on the other hand, the existence of cystathionine as an intermediate in the

pathway has been doubted. Instead, it is thought that homocysteine is

synthesized directly from 0-acetyl-homoserine and sulfide by 0-acetyl-
homoserine sulfhydrylase. This project has three principal objectives. One

is to characterize the regulation of homocysteine biosynthesis in Sal"monella .

Second is to examine the possible role of cystathionine as an intermediate in

homocysteine synthesis in yeast. Third is to study the nature of cysta-
thionine Y~synthase in Neurospora crassa , an enzjmie with several unusual
features.

Major Findings:

1) Regulation of homocysteine biosynthesis in Salmonella . The

structural genes for the three enzymes of this pathway are -unlinked and widely
scattered on the bacterial genome. This, plus the fact that methionine is

//
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involved in multiple metabolic functions in the cell, suggested that the j

regulation of the pathway might reveal some unusual features. In last year's
report, we described our initial findings in this investigation. As in

E. coli, the activity of the first enzyme is controlled by synergistic
feedback inhibition by methionine plus S-adenosylmethionine. Repression of

the three enzjmies in flask culture is non-coordinate, with much more facile
repression of the first enzyme than of the other two. Unlike Neurospora ,

folates have no regulatory function in controlling synthesis or activity of

the three enzymes. We have also examined repression of the three enzymes in

a met-E mutant grown in a chemostat, which prodnces limitation of growth by
restricting the intracellular concentration of ntitrients. This mutant lacks
the Bi2~independent methyltetrahydrofolate-homocysteine transmethylase, and
therefore, requires methionine or vitamin B]^2 f°^ growth. Exogenous methio-
nine was limited by growth in a methionine chemostat, and endogenously
synthesized methionine by growth in a B12 chemostat. These experiments
suggested that exogenous methionine might be more effective than endogenous
methionine in repression of the first enzyme. We have since tried to confirm
this conclusion using two other methionine auxotrophs in the chemostat

(met-B and met-C ) . These results did not show the stiperrepression of the

first enzyme by exogenous methionine observed with met-E , suggesting that the
findings with met-E are a function of the phenotype of this -mutant. Re-
stricting growth of met-E in the chemostat by vitamin ^il limitation decreases
the intracellular concentration of the Bi2-transmethylase holoenzyme and does
not directly limit endogenous methionine. When the -mutant is grown on
methionine, it contains no_ functional transmethylase at all. In view of these

facts, the data suggest that a functional transmethylase may be necessary
for normal synthesis of the first enzyme, perhaps by functioning as a
co-inducer. Since other laboratories have reported evidence that the Bi2~
transmethylase holoenzjrme is itself a corepressor for the non-B22'"trans-
methylase and for methylenetetrahydrofolate reductase, there is precedence
for a direct regulatory function for this enzjone in the pathway.

Other results show that met-J and met-K regulatory mutants, unlike
E. coli , have a normal capacity to synthesize S-adenosylmethionine. In

addition, a mutant (met-A ) which lacks the first enzyme of the pathway is

constitutive for the second and third enzymes. This suggests that the first
enzyme may participate directly in the repressor complex for the other two,

as has been proposed for the histidine and arginine biosynthetic pathways.

This study, in manuscript, is presently under editorial review for
publication in the Journal of Bacteriology .

2) Cystathionine as a possible intermediate in homocysteine biosyn-
thesis in yeast. It has been thought that homocysteine is synthesized in

yeast directly from 0-acetylhomoserine and sulfide, bypassing the formation
of a cystathionine intermediate. Evidence for this includes the failure
to find cystathionine synthase activity in yeast extracts, the presence of
high levels of sulfhydrylase activity in such extracts, and the observation
that EY9 , a mutant lacking sulfhydrylase activity, is a -methionine auxotroph.
We reported last year the presence of significant cystathionine synthase
activity in yeast extracts prepared by improved methods. Although the rate
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of cystathionine synthesis in these extracts is much less than that of direct
homocysteine synthesis, it is greater than the rates reported for acetyl-
homoserine synthesis and should not be growth limiting. We have also found
that cystathionine synthase is missing from EY9 , snggesting that one protein
catalyzes both cystathionine synthase and sulfhydrylase reactions, as in

Salmonella. However, partial purification of the sulfhydrylase from yeast
extract results in complete loss of cystathionine synthase activity,
suggesting that separate proteins catalyze the reactions, as in Neurospora .

The possibility that EY9 extracts contain an inhibitor of one or both
reactions was ruled out by mixing EY9 extracts with those of the wild type.

Yeast also contains 3-cystathionase, so our resnlts show the existence of

two complete alternate pathways for homocysteine biosynthesis. Since both
activities are absent from themethionine anxotroph EY9 , it is not possible
at present to distinguish which is the physiologic pathway Titilized for

normal growth.

These results, in manuscript, are also under editorial review for

publication in the Journal of Bacteriology.

3) Properties of cystathionine Y~syiithase from Neursopora crassa .

We previously reported that cystathionine Y~sjmthase activity is absent
from mutants of four separate genes in Ne-urospora crassa : me-1 , "me-3 , me-6

,

and me-

7

. Me-1 and me-6 mutants are unable to synthesize methyl tetrahydro-

folate polyglutamates as well. We showed last year that these polyglutamate
derivatives are absorlutely required for cystathionine synthase activity,
and that the absence of the activity from me-l and me~6 mutants is due to the

lack of these allosteric activators. Since then we have examined the role of

the me-3 and me-7 gene products in this reaction. The first step was the

development of a new assay for the enzjnne. The assay -utilizes 0-acetyl-
L-homoserine-H^ and unlabeled cysteine as substrates. After the reaction,
0-acetylhomoserine is converted to N-acetyl-homoserine by alkali treatment.
N-Acetylhomoserine-H^ can be separated from the protonated cystathionine-H-'
by ion exchange chromatography on Dowex-50 (IT*"). The assay is relatively
rapid, permits the simultaneous assay of a large number of fractions, and is

sensitive to as little as 20 nanomoles of product. It will not distinguish
cystathionine-H^ from other labeled amino acids (such as homocysteine and
homoserine) . However, under the conditions of the assay and with the use of

appropriate blanks to correct for hydrolysis of acetylhomoserine, cysta-
thionine is the only radioactive product detectable by thin-layer and paper
chroma to graphy

.

With this assay we have examined the enzyme from wild type cells.
Fractionation with ammonium sulfate produces a four-fold enrichment of the
enzjrme without apparent dissociation. When this fraction is chromatographed
on DEAE cellulose at pH 7.5, all traces of enzyme activity are lost.

Assaying the fractions with extracts prepared from mutants in the me-3 and me-7
genes reveals that the enzyme is resolved on DE^-E into two protein subunits,
apparently identical with the me-3 and me-7 gene products and each totally
devoid of activity without the addition of the other. The two proteins are
widely separated with this procedure, the me-7 subunits being strongly
adsorbed to the DEAE and the me-3 subunit not at all adsorbed at low ionic
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strength. Sephadex gel-chromatography of the two subunits at pH 7.4 suggests
molecular weights of about 65,000 for me-3 and 135,000 for me-7 ; the latter
is eluted near the void of Sephadex G-150, so this is only a rough estimate
of molecular weight. In some experiments two peaks of me-S activity were
observed on gel chromatography corresponding to molecular weights of about
30,000 and 120,000. This suggests that the enzjrme is normally a dimer but
may form monomers or tetramers. The partially purified enzyme retains an
absolute requirement for the addition of methyltetrahydrofolate polygl^itamates

for activity. Titration of each subunit with the other shows hyperbolic
saturation functions for each subunit. Neither subunit catalyzes the forma-
tion of a protonated radioactive product from O-acetylhomoserine-H^ in this

assay system, but further study is required to determine whether either
subunit might catalyze a partial reaction in the absence of the other. The
me-3 protein fraction from DEAE does catalyze hydrolysis of 0-acetyl-homo-
serine to free homoserine at rates comparable to the cystathionine synthase

reaction. But on gel chromatography this activity was resolved from the
me-3 protein and is apparently due to another enz3ane. The me-? protein is

apparently quite stable on storage, but the me-3 subunit slowly loses activity

when stored at -20°. The holoenzjmie loses activity rapidly and irreversibly
when the pH is less than 7. Several cysteine analogues produce slight
inhibition of the enz5rme, although much less than that produced by the
allosteric inhibitor, S-adenosylmethionine. In addition, radioactive pro-
tonated reaction products are produced at a slow rate when one of several

alkyl thiols is substituted for cysteine but the nature of these products has

not been determined.

Attempts to prove that the enzyme contains bound pyridoxal phosphate %
have not been successful to date, but preliminary experiments with hydro-
xylamine suggest the possibility that the -me-3 subunit may contain pyridoxal

phosphate. At the present state of pxirif ication of the enzyme, it has not

been possible to obtain reproducible kinetic data based on initial rates.

This enzjnne appears to consist of two distinct protein subunits, the
products of separate genes, which form a loose aggregate to reconstitute
activity. The subunits are totally inactive by themselves, and the holoenzjmie

is totally inactive in the absence of methyltetrahydrofolate polyglutamates.

Proposed course of project:

No further work is planned at present for the projects on the
regulation of homocysteine synthesis in Salmonella and on the role of

cystathionine as an intermediate in the yeast pathway. The Neurospora
cystathionine ysynthase presents a number of interesting enz5miological

problems we would like to pursue. First are the general kinetic parameters
of the cystathionine synthase reaction and the effects of ligands on these
parameters. Next is the physical nature of the two subxinis , me-3 and me-7 ,

and the role of these two proteins in the reaction. We are interested in the
nature of the interaction between subunits, and in the interactions of each
individual subunit with the substrates, pyridoxal phosphate, and allosteric
ligands. In addition, we would like to clarify the presumed role of pyridoxal
phosphate in this reaction. To study these problems, we propose to continue
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our attempts to purify the two proteins and to stabilize the me-3 subunit
if possible. Partial further purification may enable tis to examine the
overall kinetics of the reaction, and possibly some of the physical
characteristics of the enzjTne. If the proteins can be purified extensively,
we plan to look at physical properties such as spectra and sedimentation
behaviour, the alterations in these properties produced by interaction with
small molecules involved in the enzyme's activity, and the kinetics of
ligand binding to subunits

Publications No
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Proiect Title: '•* Anaerobic metabolism of certain amino acids and other
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Bi2 coenzyme and to electron transfer and phosphorylation
reactions involved. 2. Methane biosynthesis and one-carbon

Previous Serial Number 140
compound metabolism.

Principal Investigator: T.C. Stadtman

Other Investigators: Chris van der Drift ("Visiting Scientist, terminated
Jan. 15, 1972).

James Shih (Visiting Scientist; terminated Oct. 15,1971)
John Baker (Postdoctoral Fellow, See individual report)
Lauren Cagen (Postdoctoral Fellow, (See individual

report)
Joseph N. Davis (Technical assistant and Anaerobic Lab.

Operator)
Jay Jones (Technical Assistant).

Project Description:

Objectives: 1. (a) Determination of mechanism of B12 coenzyme
dependent amino group migration reactions of the lysine fermentation-
Purification of the sulfhydryl (E2) protein component common to D-a-lysine
and 3-lysine mutases in order to ascertain its role in the catalytic processes
Investigations on the role of ATP in these reactions carried out jointly with
Dr. John Baker and Dr. Chris van der Drift.

(b) Further metabolism of lysine isomers: 2,5-diaminohexanoate, 3,6-di-
aminohexanoate (3-lysine) and 3 ,5-diaminohexanoate formed in the lysine
fermentation pathway. Characterization of a transaminase active on g-lysine
and, jointly with Dr. James Shih, a pyridine nucleotide dependent dehydro-
genase active on 2,5-diaminohexanoate.

2. Mechanism of methane biosynthesis from formate by Methanococcus
vannielii and from acetate by Methanosarclna barker

i

.

3. Nature of electron transport and phosphorylation process linked
to glycine reduction in Clostridium sticklandii. Purification of dimercaptan
dehydrogenase (flavoprotein-linked) by Dr. Lauren Cagen

4. Characterization of menadione-dependent p-nitrophenylphosphatase
of jC. sticklandii . Experimental work carried out by Joe N. Davis.

a.3.

I
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5. Isolation and identification of acidic peptide growth factor
required by wild type C^. sticklandii for growth. Experimental work carried
out by Jay Jones.

Major Findings:

1. Lysine Fermentation Reactions . (a) For continued catalytic
activity in a long term assay where product is allowed to accumulate, both
6-lysine mutase and D-ct-lysine mutase require a sulfhydryl protein fraction
(E2) in addition to the cobamide protein component. Since the impure E2

preparations exhibited B12 coenzyme synthetase activity, it was considered
for some time that the role of E2 might be solely to form B12 coenzyme from
enzjnne bound hydroxy B12 "^ '^TP and thereby regenerate the active forms of

the mutases. By means of a sensitive radiochemical assay in which B12
coenzyme is isolated by thin layer chromatography and determined independently
it has been possible to show that E2 preparations do contain an essential
catalytic activity in addition to B12 coenzyme synthetase. This E2 activity
copurifies through many isolation steps with B22 coenzyme synthetase but it

is inactivated completely by heating at 50° for 10 mln. whereas B12 coenzyme
synthetase activity is unaffected by this treatment. The best preparations
of E2 exhibit two prominant and 2 minor protein bands on disc gel electro-
phoretic analysis and, therefore, it is possible that final physical
separation of the two activities may be achieved by this technique. As an
alternate source of B]^2 coenzyme synthetase the enzyme has been considerably
purified from Streptomyces layendulae. This preparation, although extremely
active as B22 enzyme synthetase and not inhibitory when added to the complete
mutase systems, nevertheless does not replace the E2 preparation from
C^. sticklandii. Thus, although other lines of evidence suggest that with
certain types of 3-lysine mutase preparations B12 coenzyme is destroyed
during the catalytic process and must be regenerated in situ by B22 coenzyme
synthetase and ATP, it is clear that the E2 preparations supply a second
protein component required for continued mutase activity. This requirement
for an enzyme sulfhydryl group either on a large enzyme molecule itself or

as a smaller separable dissimilar protein moiety is a general feature of the

known B12 coenzyme dependent enzymes. In no case is the precise role of the
sulfhydryl group in the catalytic process understood.

(b) An earlier observation that enzyme preparations from certain lots of

cells which exhibited exceptionally poor 3-lysine mutase activity instead
formed an unknown amino acid product from 3-lysine has novj been explained.

The alternative g-lysine product is formed by an a-ketoglutarate dependent
transaminase. The primary 3-lysine reaction product, presumably 3-keto,
6-amino hexanoate, is not isolated but rather the cyclized product, a

pyrroline-acetic acid, which gives a yellow colored adduct with 0-amino-
benzaldehyde and a golden colored product when heated with ninhydrin in acid.
This transaminase although extensively purified, has not yet been shown to be
a pyridoxai phosphate linked enzjmie although its activity does depend on a

carbonyl cofactor. In view of the apparent mutually exclusive occurrence,
in cells of both C. sticklandii and Clostridimn M-E, of either a transaminase

23
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active on ^-lysine or the B^2 coenzyme dependent 3 -lysine mutase (also |

a pyridoxal phosphate dependent encyme) it is of some interest to ascertain
the metabolic and structural relationship of these enzymes. -

i
In a search for additional enzymic steps in the D-lysine fermentation *

pathway, the second step was identified as the pjrridine nucleotide dependent

oxidation of 2,5-diaminohexanoate to form a methyl-pyrrol ine carboxylate
indistinguishable from authentic

(

CH2-CH2

Upon reduction with borohydride the product is converted to 2-methyl-proline.
It seems likely that the first two enzymic steps in the fermentation of

D-lysine are as follows:

CH CH CH CH CH-COOH ;:^;^^ CH CH CH CH CH COOH

NH^ NH^ NH^ NH^

TPN"*" or DPN"^

3 „ 2 2 r

IIIH2

This 5 keto acid is a logical substrate for a CoA depenaent cleavage
reaction to yield acetyl-CoA and ultimately acetate from carbons 5 and 6 of

lysine in accord with earlier tracer studies.

2. Experiments on one-carbon metabolism and methane biosynthesis in
the methane bacteria have primarily concentrated during the past year on
definition of conditions for accumulating an intermediate (labeled with
formate carbon) , development of a procedure for isolation of the radioactive
acidic intermediate in pure form and production of a large stock of

Methanococcus vannielii cells. The latter, now available, will be used to

produce the radioactive intermediate in sufficient quantity that the material
can be isolated and subjected to chemical analysis for identification purposes*

3. A manuscript is currently in preparation describing the purif icatio?
procedure developed by Dr. David Turner for components of the soluble
clostridial glycine reductase system. Homogenous preparations of the low
molecular weight protein A (MW.-sl2,000) and protein B (>200,000) were obtained.
These, together with another fraction containing at least two more essential
protein components are all required for the reduction of glycine to acetate
and ammonia using dimercaptothreitol as electron donor. The larger molecular
weight proteins are all associated with the membrane of the cell and are
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solubilized by sonication. A number of experiments to further characterize
these individual enzyme components are planned in order to gain insight
into the mechanism of ATP synthesis in the system.

4. The menadione-dependent p-nitrophenylphosphatase has been
characterized more extensively as regards its normal location in the cell

(loosely membrane bound) and several of its physical properties. Larger
amounts of pure protein have been accumulated for analytical purposes. As

yet neither its natural substrate nor the mechanism of its action are known,

5. The acidic peptide growth factor Cs) required for growth of

Clostridium sticklandii are now stockpiled in anrcrants almost sufficient for

sequential analysis. As yet no simple peptides or mixtures thereof have
been found to leplace the isolated material although numerous combinations
have been tried. Also high levels of the component amino acids do not

replace the peptide. As with other organisms, the reason for the require-
ment is still obscure.

Proposed course of research

The problems mentioned above are continuing research and will be
pursued along the same lines during the next year.

Part B YES
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Project Title: A Dithiol Dehydrogenase of Clostridi-um sticklandii

Principal Investigator: Lauren M. Cagen

Other Investigators: T.C. Stadtman

Cooperating Units: none

Project Description:

Objective: A dithiol dehydrogenase (DTD) has been found in extracts of

of £. sticklandii . This enzyme is being purified and characterized.

Major Findings:

DTD has been partially purified by DEAE chromatography, ammonium
sulfate precipitation, and gel filtration. The protein has an approximate

molecular weight of 120,000, estimated by retention by sephedex G-150.

The enzyme oxidizes dithiols snch as dithiothreitol but is inactive towards

mercaptoethanol or other monothiols. Enzymatic acti"vity reqnixes the

presence of FAD(Km 2 micromolar) , but FMN will substitute for FAD at higher

levels. Both FAD and FMN are reduced by DTD, but the reduction of FMN is

accelerated by addition of trace amounts of FAD, suggesting that FAD is a

cofactor as well as a substrate. Under anaerobic conditions only, tri-

phenyltetrazolium chloride is reduced by the enzyme, and formazon production

may be used as an assay. DTD is not separated from a DPNH dehydrogenase by

purification steps or polyacrylamide-gel electrophoresis; both activities

may be functions of the same protein.

An activating protein (AP) has also been found in C^. sticklandii
extracts which, while it has no detectable dehydrogenase activity of

its own, stimulates the activity of DTD preparations up to about twenty-fold.

This protein has been purified by DEAE chromatography, heat and ammonium

sulfate precipitation, and gel filtration. The most purified fractions

appear homogeneous during polyacrylamide-gel electrophoresis, but there is

evidence that these preparations are contaminated with at least one additional

protein. AP is a remarkably heat stable protein, losing no activity during

a twenty minute exposure to 100 degrees.

Both DTD and AP are sensitive to inhibition by iodoacetamide, after

prior reduction with dithiothreitol, but are insensitive to treatment

with EDTA or KCN; this suggests a role in catalysis for sulfhydryl groups,

but not for an accessiblemetal or a B-12 prosthetic group. An initial lag

in the reduction of dye can be reduced by prior anaerobic reduction of the

enzyme. Levels of DTD and AP in C^. sticklandii are highly variable; this
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variation has not been correlated with stage of growth or nutritional
conditions.

Proposed course of action:

A further attempt will be made to distinguish DTD from DPNH
dehydrogenase and to explore the relationship between AP and
clostridial rubredoxin with which it copurifies. The -variation in

enzyme level will also be explored with a view to determining the

physiological role of DTD and AP.

Publications No
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Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the p-Lysine Mutase Complex

Previous Serial Number:

Principal Investigators: John J. Baker
T. C. Stadtman

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: p-Lysine mutase is a complex enzyme system that consists of a

cobamide protein of M. W. 160,000 and a smaller protein of M. W. 60,000.

The reaction catalyzed by this complex is L-p-lysine ^ L-erythro -

3,5-diaminohexanoic acid. The cofactors required for activity of this com-

plex are a B]^2 coenzjrme, dithiothreitol , magnesium, a monovalent cation,

ATP, and pyruvate. The roles of ATP and pyruvate in the action of this

enzyme complex are not understood. Consequently the major objectives are

to elucidate the role of these cofactors, to purify the protein components

to homogeneity, and to determine the mechanism of the enzyme.

Major Findings:

As described last year, a spectrophotometric assay for p-lysine mutase

has been developed. This assay has facilitated the purification of the

mutase and elucidation of the roles of the various cofactors. In addition

to the cofactors mentioned above, the mutase was found to require PLP. This

requirement explains the inhibition by hydroxylamine, NaBH^, and other

carbonyl reagents.

The cobamide protein has now been purified to homogeneity. The

isolated enzjraie contains mostly bound hydroxycobalamin, an inactive B]^2

coenzyme analogue. The mutase has to be activated by exchanging
hydroxycobalamin with B]^2 coenzyme. This exchange occurs by incubation

with B-|^2 coenzyme, dithiothreitol, magnesium, and PLP.

Monovalent cations are essential for the activity of the mutase.

Potassium ions give an eleven fold stimulation.

Probably the most interesting observation about the mutase is that in

the presence of the substrate or product, the enzyme inactivates with a
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concomittant splitting of 5' -deoxyadenosine from enzyme bound coenzyme. A

substrate-dependent splitting of the carbon-cobalt bond of enzyme bound B]^2

coenzyme has also been observed with other cobamide enzymes, and appears to

be an essential part of their mechanism.

The small sulfhydryl protein and ATP somehow protect against inacti- I

vation (not by coenzyme synthesis), allowing more product to form.

Pyruvate functions by non-enzymatically forming a complex with

3,5-diaminohexanoate, thereby preventing inactivation of the mutase.

Significance to Bio-Medical Research:

PLP and B]^2 coenzyme are essential vitamins in human nutrition. How

these cofactors participate in enzymic reactions is of fundamental impor-

tance to the understanding of human nutrition. p-Lysine mutase provides

a novel opportunity to study an enzymic reaction in which these two

cofactors participate together in an unknown manner.

Proposed Course of Action:

Future experiments will be designed to understand how PLP and ^-^^ m
coenzyme participate in this enzymic reaction. Specifically, binding of *!

l^C labelled substrate and ''^C labelled coenzyme to the enzyme will be

investigated. It should be possible to use the coenzyme cleavage or

reduction with NaBH^ to trap intermediates to the enzyme, and thereby
gain insight about the mechanism of the enzyme.

Jo



Serial No. NHLI-6
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 1972

Project Title: (1) Stereochemical Studies of Enzymatic Reactions.

(2) Synthetic Studies of Organic Compounds of Biological
Interest.

Previous Serial No.

Principal Investigator: Lin Tsai

Other Investigator: none

Cooperating Units: Project Cl) : Prof. J.W. Cornforth C^ilstead Laboratory
of Chemical Enzymology, Sittingbourne,
Kent, England)

Project Description:

Objective Cl) The knowledge of the steric course of a reaction is one
of the important criteria for the understanding of the mechanism of an
enzymatic reaction. a-methyleneglutarate -mntase, a B]^2 coenzyme dependent
enzyme, catalyzes the rearrangement of a-methyleneglutarate Cl) to methy-
litaconate (II, W=X=Y=Z=H) . This transformation invol-ves two centers (C3

and C4) of the a-methyleneglutarate (a-MG) molecule Cl) and each can proceed
with either inversion or retention of configuration. Both methylene groups
at C3 and C4 are prochiral, hence the hydrogen atoms (W,X,Y,Z) at each
position become distinguishable if one or both of them are stereospecifically
replaced by heavy hydrogen isotopes.

CXYZ

(I) (II)

For example, when an a-methyleneglutarate molecule (I), containing labels:
W='H,X=3h, Y='H, and Z=2h, is rearranged under the catalytic action of

a-methyleneglutarate mutase and assuming the hydrogen atom X is the
migrating group, the product MIT (II) would contain a methyl group (-CXYZ)
which has chiral property. Determination of C3 and C4 in (I) shall define
completely the steric course of the rearrangement. In order to undertake

3f



Serial No. NHLI-S

such a study, It Is necessary to synthesize a-^ethyleneglutarate containing -M
stereoscopic labels at C3 and C4. ^

The synthetic approach takes advantage of the established stereochem-
istry of L-mallc acid (IV) derived from fumarlc acid (III) catalyzed by
fumarate hydratase. The main task Is to design synthetic methods to convert

H COOH CO„H

y '"2° 3I2

(III)

H- C-OH

'CO^H

CIV)

malic acid (IV) to a-methyleneglutarate (I) in such a manner that position
C3 in malic acid (IV) becomes the position C3 or C4 in a-^methyleneglutarate
(I).

Major Findings:

The most critical stage in the synthesis is the conversion of malic
acid (IV) to a-hydroxybutyrolactone (V) since the stereochemistry at C3
(marked by*) of the malic acid molecule is thus fixed and devoid of any
danger of racemization in the subsequent steps of the synthesis. After
studying many possibilities (see Scheme) , a highly efficient procedure was
worked out using borane-dimethylsulf ide complex as reducing agent.

The general chemical behaviors of a-hydroxybutyrolactone viere

explored so as to establish efficient synthetic routes leading to a-methy- 'v

leneglutarate (I).

(a) Replacement of hydroxy group by bromine was achieved by the
action of triphenylphosphine dibromide. a-^Bromobutyrolactone (VI) was thus
obtained in good yield. However, attempts to replace the bromine by a

cyano group were unsuccessful.

(b) a-Bromobutyrolactone (VI) was converted to methyl 2,4'-dibromo-

butyrate (VII) by hydrogen bromide in acetic acid followed by esterif ication
with methanol. Unfortunately, all attempts to convert the dibromo compound
(VII) to a dicyano compound led to intractable mixtures. The failure of both
of these approaches was probably due to the high reactivity of the a-cyano
ester which, once formed, would react further to yield complex mixtures.

(c) In order to circumvent this difficulty a-hydroxybutyrolactone (V)

was cleaved by means of hydrogen bromide in acetic acid, followed by
esterification. Methyl 2-hydroxy-4-bromobutyrate (VIII) was obtained and
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could be converted to methyl 2-hydroxy-4-cyano-butyrate (IX) in fair

yield.

Proposed course of Action

Synthetic methods to convert methyl Z-hydroxy-A-cyano-butyrate to

a-methylene glutaric acid shall be studied.

SCHEME

Summary of Reactions of Malic Acid (*marks the center that carries
stereospecif ic labels of hydrogen isotope)

*CH
2

CHOH

CO2H

(IV)

CO-O-CO Et

*CH2

CH-0 r1

/^r2
CO-0

Et^N

l/NaBH^

CO^H

*k
CH -

j \ y^'

1

CO - 0/ \2

COCl
I

*CH^

f I

CH - Ov ,R

CO -

I

l/BH^-SCCH^)

2/-CH OH 1/NaBH,

2/.H^0+

"OH 2/.L:0H

i
3/-LiBH,

(V)
4/-H^0'+

(VI)

l/.HBr-HOA^

2/.CH OH

CH-Ov .R

CO-0

2/-

HBr-HOAr

CH OH

Br

OH

CO^CH^

.^'
Br, CO^CH^

CVII)

(VIII)

r
NaCn-DMSO
/Oh

page -3

I

(IX)
CO CH ^S
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Project description.

Objective (2) 2,5-Dlamlnohexanolc acid contains two asymmetric
centers thus giving rise to two pairs of enantlomers which would be
present In the synthetic material. It Is Important to separate these
dlastereomers so as to compare their properties with the amino acid
obtained from enzymatic reaction.

Major Findings

The synthetic 2,5-dlamlnohexanoic acid was converted to G-methyl-S-
benzamido-2-plperldone (X) . Fractional recrystallization followed by
preparative TLC of (X) yielded two dlastereomers which are distinguishable
by the chemical shift of the methyl group in the NMR spectra.

CH.-CH-CH-CH--CH-CO.H 1/ . CH_0H-HC1
3 ^ I 2. ] Z 3

^2 ^2 2/.EH3 r^'^\^mco0

I

- ,..XX'
3/.0COC1, Na CO CH N^^O

H

(X)

Proposed course of action

The relative configuration of the two diastereomeric 6-methyl-3-
benzamido-2-piperidone shall be determined by chemical and physical methods.

Part B YES
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Publications

1. E. Charney and L. Tsai, Spectroscopic Examination of the Lower

Excited States of a-Dlkotones, Camphorquinone. J. Am. Chem. Soc. 93, 7123

(1971).

2. Hsiang-Fu Kung and L. Tsai, Nicotinic Acid MetaBolism, Til Mechanisms of

Action of Clostridial a-Methyleneglutarate Mutase CBi2~l'ependent) and

Methylitaconate Isomerase, J. Biol. Chem. 246 p 6436-6443 C1971)

3. Kung, Tsai and Stadtman, Nicotinic Acid Metabolism VIII. Tracer

Studies on the Intermediary Roles of a-Methyleneglutarate, Methylitaconate,

Dimethylmaleate, and Pyruvate J. Biol. Chem. 246 p. 6444-6451 (1971).
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Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the Anaerobic Metabolism of the Branched-Chain

Amino Acids.

Previous Serial Number:

Principal Investigator: J. M. Poston

Other Investigators: None

Cooperating Units: None

Project Description:

Objective: The catabolism of the branched-chain amino acids, leucine,

isoleucine, and valine, is understood only in that the pathways have been

outlined in bovine and rat liver and one or two enzymes have been partially

purified and studied. Their faulty catabolism has been implicated in inborn

errors of metabolism such as maple syrup urine disease. These amino acids

have been shown to participate in the Stickland reaction and many organisms

are capable of fermenting these compounds in Stickland pairs. Until recently,

a fermentation in which one of these amino acids serves both as the carbon
and energy source had not been described. Now, several organisms have been
isolated which grow on leucine in a single amino acid fermentation. The
objectives of this project are to establish the fermentation pathways of

leucine and the other branched-chain amino acids in these organisms and to

examine the enzymes responsible for the various metabolic steps in these
fermentations.

Major Findings:

Of soils from several sources that were incubated in liquid medium
enriched with L-leucine, two yielded organisms that metabolize the amino
acid. A Gram negative rod that is a highly motile facultative anaerobe was
isolated from NIH garden soil. Most of the biochemical investigation has
been done with this organism (strain 1A8) . Several spore-forming anaerobes
have been obtained from an enrichment of tropical jungle black soil. This
enrichment culture exhibited low activity, macroscopically and microscopically,
for many months. After about 10 months, the rate of bubbling greatly
increased and the culture became fairly opaque. Several spore-forming
organisms have been obtained in what appear to be axenic cultures from shake

cultures and anaerobic plates. These organisms are Gram positive, highly
motile, possess the ability to form spores that stain readily with malachite
green, grow little if at all in aerobic or microaerobic media, and seem to

1 U
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possess all the characters associated with the genus Clostridium .

Cells of strain 1A8 may be grown anaerobically on nutrient broth or

Trypticase-Soy broth with no supplementation or with 1 per cent L-leucine

added. The organism also grows on glucose, leucine, and tryptone, or on

leucine plus salts. Enzjmiic activity does not seem to vary appreciably as

a result of the varying media but the greatest cell crop has been obtained

from a medium containing 1 per cent L-leucine, 1 per cent glucose, and

0.5 per cent tryptone supplemented with 0.1 per cent yeast extract and salts.

Cells or cell-free extracts of 1A8 metabolize uniformly labelled

L-leucine--'-'^C to many compounds including fatty acids such as hexanoic,

butyric, propionic, acetic, and formic and the keto acids pyruvic and

a-ketoisovaleric. This latter compound is most interesting since the

labelling indicates that it most probably did not come from pyruvate and

must have come from a more direct catabolic reaction of leucine. This may

involve a "reverse" hydration of 3,3-dimethylacrylic acid, a compound which

has been demonstrated in cell-free reactions, followed by a dehydrogenation

to yield the a-keto acid.

Metabolism of leucine is stimulated by a-ketoglutaric acid. This is

explained by the presence of an active transaminase which is far more
reactive with a-ketoglutaric acid as the acceptor of the amino group than
is pyruvate. This stimulation is evident whether or not there is added
CoASH or DPN. The leucine aminotransferase is variably stable to heat
treatment; it is precipitated between 35 and 45 percent saturation with
ammonium sulfate. The enzyme has a pH optimum at 8.0 and is inhibited very
strongly by Tris buffer. Triethanolamine buffer has no such inhibition.
Unlike the mammalian enzyme, the activity in extracts of strain 1A8 exhibits
no stimulation by 2-mercaptoethanol nor is there great inhibition of the
reaction even at 0.2 molar 2-mercaptoethanol. The colorimetric assay for
leucine aminotransferase involves specific extraction by cyclohexane of the
2,4-dinitrophenylhydrazone of the product, a-ketoisocaproic acid, followed
by reading an alkalinized aliquot at 440 nm.

Proposed Course of Action:

The compounds that comprise the pathway of catabolism of leucine by
strain 1A8 will be identified and attempts will be made to purify each of
the enz^Tnes catalyzing the conversions found in the pathway. Cofactor
requirements and inhibitor studies will be conducted.

The fermentation of leucine by the Clostridia isolated from the tropical
mud will be studied and the pathway(s) in those organisms will be compared
to strain 1A8 and to the mammalian catabolisms. Vitamin and cofactor
requirements will be examined.

^
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Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Genetics of NH_-Assimilatory Enzymes in JE. coli K^

_

Previous Serial Number: 132

Principal Investigator: Mary Anne Berberich

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: 1) To isolate and characterize enzymically mutants
for glutamine synthetase, glutamate synthase, and glntamate dehydrogenase.

2) To conduct genetic experiments designed to locate the structural genes
for these enzjnnes on the _E. coli chromosomal map and to prepare and
assemble all marked strains, episomal, and HFr strains and bacteriophage
necessary for these studies.

Major Findings:

1. Mutants having an obligate growth requirement for glntamine
were isolated and characterized enzymically as glutamine synthetase
minus. All of the strains so far examined show CRM with rabbit anti-
glutamine synthetase antibody. Assays on extracts prepared from a

collection of amino acid auxotrophic strains showed that a surprising
number of these strains lacked either glutamate syrithase or glutamate de^-

hydrogenase. Moreover, the only strain demonstrating a growth requirement
for glutamate was shown to be a double mutant, i.e., negative for both
synthase and dehydrogenase.

2. Location of the gene for glutamine synthetase: Using trans-
duction with Pi bacteriophage, the structural gene for glutamine synthetase
has been mapped at approximately 74 min. on the E^. coli chromosome.
Linkage to ilv is 65%; to met E, 83%. Crosses which will determine
whether gin is located between these 2 loci or to the 75 min. side of met E

are still being assayed.

Location of the genes for glutamate synthase and glutamate dehydro-
genase: Genetic studies with P. bacteriophage show that these two enzymes
are unlinked either to each other or to glutamine synthetase. Recombin-
ation studies with HFr 1839 show that glutamate synthase is linked to

maltose (approx. 66 min. on ^. coli map) . Preliminary studies indicate
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that the gene for glutamate dehydrogenase falls somewhere between and 55
min. on the chromosomal map.

Proposed course of project:

Genetic studies to determine the exact chromosomal location of
glutamate synthase and glutamate dehydrogenase will contlmae. In addition,
a program of mutagenisis to isolate large numbers of -mutants for glutamine
synthetase will be carried out. These mutants will be nsed for complementation
analysis in order to compare the genetic information on sub-unit organization
with that already available from biochemical studies.

Methods for the isolation of constitutive type mutants for the
above enzjone are continually being explored. In addition, revertants of

mutants for the above enzjrmes are being examined for altered properties
which might be interesting from the point of view of mechanism of action
of the protein molecule.

Binding studies involving cyclic AMP and DNA from the genetic
region of glutamate synthase are also planned.

Part B No
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Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Fast Kinetics and Mechanisms of Biochemical Reactions

Previous Serial Number:

Principal Investigator: P. B. Chock

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: (1) To set up a laboratory for the study of the fast
kinetics of reactions, particularly for the study of individual steps of
enzymic reactions; and (2) With these fast kinetic techniques, to further
explore the biochemical action of glutamine synthetase and 3,5-diaminohexoic
dehydrogenase.

Progress: (1) A stopped-flow machine with a very sensitive optical
density and fluorescent detector is being completed. (2) A high voltage
discharge temperature jump machine equipped with very sensitive optical
density and fluorescent and polarization detectors is being built. (3) The
designing of a relatively slow heat exchange temperature jump machine to
cover the conformational transitions of large biological molecules is in
progress.

Proposed Course of Action:

(1) To complete the machines mentioned above.

(2) To design and build a laser heating temperature jump machine to
cover the nanosecond range.

(3) To proceed the investigation of the enzymes mentioned above.

¥o
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Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Enzyme Structure and Mechanisms of Action and Control

Previous Serial Number: NHLI-199

Principal Investigator: Ann Ginsburg

Other Investigators: Carlos E. Caban
Eugene J. Oliver
Donald M. Powers

Cooperating Units: John B. Hunt, Assoc. Prof., The Catholic University
of America, Washington, D.C. 20017. D.M. Segal

and D.R. Davies , NIAMD, NTH

Project Description:

Objectives: 1) To study the physical and chemical properties of glutamine

synthetase from Escherichia coli ,
particularly with respect to the corre-

lation of the structure and catalytic function of this enz^Tne. 2} To

study conformation and stabilization changes of a protein macromolecule
effected through the specific binding of small molecules, and the re-

lationship of such effects to enzyme catalysis and regulation. 3) To

purify and study the ATP-glutamine synthetase adenylyltransf erase from

E. coli , with emphasis on the mechanism of action and the physical

structure of this enzyme. 4) to purify and study a protein kinase from

E.- cq] i and to determine the possible functional roles of this activity

in relationship to intracellular cyclic AMP effects.

Major Findings:

1. Studies on the kinetics of the interaction of E. coli glutamine

synthetase with activating and stabilizing divalent cltions . (Principal

investigator: J.B. Hunt). The time course of proton release during the

binding of specific divalent cations CMn2+, Mg^ , Co2+, or Zn2+) to

glutamine synthetase was followed by ApH measurements, while metal

ion-induced conformational changes in the enzjrme structure were monitored

by ultraviolet difference spectral measurements. Four kinetically distinct

reactions were observed in ApH measurements at pH == 7.2 and 37°: (1) The

binding of one molar equiv. of Mn2+ or of Mg2+ per subunit of the dodecameric

enzyme releases two proton equivalents: one too fast to measure by this

technique and the other in a slow first order process with a half-time of

31 sec. (This observation agrees qualitatively with previously obtained
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calorimetric results; project report NHLI-135). The rate of the slow proton
release corresponds to the rate of the Mn2+- or Mg2+-itidxiced -ultraviolet

spectral perturbation of glutamine synthetase at saturating concentrations
of these ions. An activation energy of 21 kcal (mole enzjnne STibiinit)"!

was obtained for the metal ion-induced conformational change of either
adenylylated or unadenylylated glutamine synthetase. (11). After twel"ve

molar equiv. of Mn2+ are bound to the enzyme, the binding of a second Mn2+ j

to a lower affinity site of the subunit causes a fast release of a single
proton, without an accompanying ultraviolet spectral perturbation. (IH) •

Zn2+ appears to bind with high affinity to sites other than the high-affinity
Mn^"*" sites and causes the release of only one proton per enzyme subianit with
a half-time of about 5 sec. (IV). When Co2+ binds to the enzyme, two protons
are displaced instantaneously per enzyme subunit. Mn2+ competitively dis-
places Co2+ from the enzyme in a rapid reaction, without proton release or

uptake, suggesting that Co2+ binds to the same high affinity sites that bind
Mn2+. Ultraviolet spectral studies show that the addition of Co2+ to the
divalent cation-free enzjmie produces a small rapid decrease, followed by a I
slow increase in the absorbancy at 290 nm, with the final spectral change m
small in comparison to that induced by Mn2+ or Mg2+. in several instances,

||

therefore, the binding of divalent cations to glutamine synthetase was
demonstrated to precede metal ion-induced conformational changes. "Using these

techniques, equilibrium association constants for the binding of different
metal ions to glutamine synthetase were measured also. 9

2. Studies on the ATP: glutamine synthetase adenylyltransferase from m
E. coli . (Principal investigators: C.E Caban and E.J. Oliver). The Pj-
adenylyltransferase has been purified aboTit 2000-fold from extracts of E. coli

W. This preparation appeared to be homogeneous in polyacrylamide gel and
cellulose acetate electrophoretic systems, in ion exchange chromatography,
in gel-filtration, and analytical ultracentrifugation experiments. A
molecular weight of 137,000 (assuming v = 0.73 ml/g) was determined for the
Pj-protein by the high speed sedimentation equilibrium technique using
absorption optics at 280 nm. Kinetically, the purified enzyme behaved
similarly to less pure preparations in response to irarious effectors and to

stimulation by the regulatory Pj-j- protein; (with the Pud form, deadenylyl-
ation of adenylylated glutamine synthetase by the Pj protein is stimxilated,

whereas with the PnA form, adenylylation of unadenylylated glutamine
synthetase is stimulated). In the absence of glutamine at pH 7.1, the PlIA
protein produced a 12- to 19-fold stimulation in the Mg2'^- or Mn2+-dependent
adenylylation reaction while the PjiA protein in the presence of 1 mM gluta-
mine only produces a 2- to 3-fold stimulation of adenylylation under the same

conditions. The highly purified Pj protein did not appreciably catalyze a

glutamate- or glutamine-stimulated ATP-pyrophosphate exchange (as did cruder
^

preparations), unless glutamine synthetase was present also. In this latter
case, the ATP-pyrophosphate exchange was only about 1% of the rate of

Pj-catalyzed adenylylation.

Preliminary experiments utilizing polyacrylamide gel electrophoresis
in 0.1% sodium dodecyl sulfate (SDS) indicated that the Pj-adenylyltransferase
could, if preheated at 45° with 1-2% SDS, be dissociated into polypeptide

V-*^



chains having a molecular weight of about 35,000, With, pkosphate ions NHLI-10
present, 1% SDS treatment at 37° appeared to produce only a 70,000 molecular
weight subunit. Thus, the native Pj-adenylyltransf erase could be a tetramer
composed of subunits of the same size. A thorough and more positive
characterization of the molecular structure of the Pj-adenylyltransf erase
awaits our obtaining larger amounts of this enzjone for physical and chemical
studies. An improved purification procedure has been worked out that can
be scaled up, and the optimum growth conditions for obtaining the -maxiimim

activity of Pj-adenylyltransferase for a given weight of E^. coli W cells has
been established.

3. Development of a new micro-method for analytical electrophoresis.
(C.E. Caban) . Since many enzymes and proteins Concluding the Px~adenylyl-
transferase) are present in minute amounts in cells and are obtained in
very small yields, it is desirable to have a rapid electrophoretic system
which will detect microgram quantities of protein. Conventional polyacryl-
amide gel electrophoresis requires 50-100 pg per determination, and minimal
studies with this method would rapidly use up milligram quantities of protein.
A new technique has been developed which may detect less than one microgram
of protein and also allows the correspondence of enzymatic activity with
stained protein to be determined. This newly developed techniqtie -utilizes

cellulose acetate together with polyacrylamide as supports for electro-
phoresis. With less than 100 pg of protein, this system may be nsed for
determinations of homogeneity and of molecular weights of native proteins or
of subunit molecular weights in SDS or urea, and for isoelectric focnslng.
This new method is in the final stages of development.

4. Studies on a protein kinase from E. coli . (Principal investigator
D.M. Powers). In other laboratories, the phosphorylation of E. coli DNA-
dependent RNA polymerase has been demonstrated, in vivo by growing bacteria
in the presence of radioactive phosphate, and, in vitro , by a rabbit muscle
protein kinase. Because cAMP-stimulated protein kinases have a role in the
regulation of several enzymes, we began to investigate the function of an
E. coli protein kinase in the control of RNA transcription. Initially, we
attempted to isolate the cAMP-dependent protein kinase from _E^ coli , as
previously reported in the literature. These attempts to follow the
published procedure resulted in a highly unstable enzjone which rapidly lost
activity during storage. In subsequent efforts, a stable fraction of protein
kinase activity bound to ribosomes was found which may be stored for long ^

periods without apparent loss of activity. Investigation of this enzyme has
been hampered by the presence of phosphatase and ATPase activities, as well
as endogenous substrates, in our preparations. The effect of cAMP on the
enzyme is not clear. Calf thymus histones serve as a substrate for the
enzyme. The finding that ribosomal proteins are also phosphorylated by the
kinase suggests that the enzyme may also be involved in the control of
ribosome function. We are attempting to identify the phosphorylated ribo-
somal proteins. Purification of the E. coli protein kinase will enable us to
investigate the role of the enzyme in the regulation of transcription and
translation of the genetic message.

5. X-Ray crystallography of glutamine synthetase from E. coli (D.M.Segal
and D.R. Davies, NIAMD) . Glutamine synthetase preparations in extreme
adenylylation states (i.e., glutamine synthetase with one or twelve equiva-
lents of 5'-adenylyl groups per mole enzyme) have been provided. The eventual
growth of satisfactory crystals for X-ray analysis is anticipated.
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Significance to Bio-Medical Research:

The regulation and control of enzjmiic activities in vivo is of

fundamental importance in cellular metabolism. Through studies in vitro
these processes can be understood more fully. The study of structiaral

changes that can be induced in a protein macromolecoile are important in

understanding cellular processes on a molecular basis.

Proposed Course of Project:

1. Studies of the binding of substrates and other effectors to

glutamine synthetase of E. coli will be continued. In particular, allosteric
|

linkage between different effectors of the enzjmie will be investigated.
Direct binding methods, measurement of proton release from the enzyme during
metal binding by micro-pH methods, microcalorimetric experiments and possibly
also NMR and epr studies will be employed in these studies. «

2. Difference sedimentation techniques will be standardized using the

Beckman Model E. ultracentrifuge in order to measure gross conformational
changes induced in macromolecules by various effectors. Siinultaneously

induced micro-structural perturbations will be monitored by spectral, optical
rotatory dispersion, and circular dichroic measnrements.

3. Physical-chemical properties of the active molecular forms of ATP:
glutamine synthetase adenylyltransferase will be determined by sedimentation-
equilibrium, isoelectric focusing, electrophoresis, standardized Sephadex-gel
filtration, and fluorescent techniques. Selective chemical modification of

the sulfhydryl groups (or other amino acid residues) of this protein will be
attempted in order to study structure-function relationships. In particular,
the interaction of the Pj-adenylyltransferase with the regulatory PnA protein
will be explored by determining pH-activity profiles, the role of divalent
cations, and the site(s) on the Pj-adenylyltransferase of glutamine versus
PlIA~protein activation in the adenylylation reaction. Techniques to

dissociate the adenylyltransferase and to cross-link subunits will be explored
for the purpose of studying the subunit structure and subunit reassociation.

4. A purification and study of the functional role of the ribosomal-
bound E. coli protein kinase will be attempted. A regulatory function of

the cyclic AMP binding protein on the activity of this protein kinase will
be investigated.

5. The X-ray crystallographic studies on glutamine synthetase by
Drs. D.M. Segal and D.R. Davies (NIAMD) will continue.

Part B Yes
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Publications

1. Hennig, S.B. and Ginsburg, A.; ATP: Glutamine Synthetase Adenylyltrans-
ferase from Escherichia Coli : Purification and Properties of a Low-
Molecular Weight Enzyme Form. Arch. Biochem. and Biophys. 144 , 611-627 (1971)

2. Stadtman, E.R. , Ginsburg, A., Anderson, W.B., Segal, A., Brown, M.S.,
and Ciardi, J.E.: Regulation of Glutamine Metabolism in Escherichia Coli
by Enzyme Catalyzed Adenylylation and Deadenylylation of Glutamine Synthetase
Paper presented by E.R. Stadtman at the 1st Congress of the Association
of Pan American Society of Biochemistry, July, 1971.

3. Ginsburg, A.: Glutamine Synthetase of Escherichia Coli ; Some Physical
and Chemical Properties. Advances in Protein Chemistry 26_ C1972) in press.

4. Hunt, J.B., Ross, P.D. , and Ginsburg, A.: A Calorimetric Study of

the Interaction of Mn'^ with Glutamine Synthetase from Escherichia coli .

Biochemistry, 1972 (in press).

5. Hunt, J.B. and Ginsburg, A.: Some Kinetics of the Interaction of

Divalent Cations with Glutamine Synthetase from Escherichia Coli :

Metal Ion-Induced Conformational Changes. Biochemistry 1972 Cin press).
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Serial No. NHLI-11
Laboratory of Biochemistry
Section on Enzjmies

Bethesda, "Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Allosteric Regulation of E. coli Glutamine Synthetase

Previous Serial Number:

Principal Investigator: P.Z. Smyrniotis
E.R. Stadtman

Other Investigators: none

Cooperating Units: none

Project Description:

Objectives: To determine the molecular basis of the cumulative

feedback inhibition of E. coli glutamine synthetase by -multiple end products

of glutamine metabolism, and to explain the role of divalent cations in

this phenomenon.

Major Findings

Kinetic studies on the Y~gl^tamyltransferase activity of glutamine

synthetase show that serine, glycine and alanine react at a common or

overlapping binding site on the enzyme. Other feedback inhibitors,

including tryptophan, histidine, carbamyl-P, AMP and CTP probably react

at separate sites.

The sensitivity of the enzjnne to feedback inhibition is a complex

function of its state of adenylylation and of the kind of divalent cation

and adenine nucleotide used to activate the enzyme.

Adenylylated glutamine synthetase has an absolute requirement for

Mn2+ and it is activated by ADP, IDP and GDP but not by CDP or UDP, nor by

any one of the nucleoside monophosphate derivatives. When activated by

ADP the enzjmie is very sensitive to inhibition by all eight of the

feedback inhibitors.

2+
In contrast, unadenylylated enzyme can be activated by either Mg

Mn^"*" or Zn2+ but its nucleotide requirement, the kinetics of its substrate

saturation and its susceptibility to feedback inhibition are dependent upon

which divalent cation is present. In the presence of Mn2+^ either ADP, CDP,

IDP, UDP or AMP are able to activate the unadenylylated enzyme. However,

in the presence of Mg2+, only ADP, GDP and IDP are activators. Moreover,

in the presence of Mg2+ and ADP the enzyme is sensitiT/e to inhibition by

tryptophan, histidine, CTP and AMP, whereas with Mn2+ and ADP these metabolites

are not inhibitory.
||
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The affinity of the adenylylated enzyme for ADP is at least 100
times less than that of unadenylylated enzyme. This difference in affinity
has been made the basis of a kinetic assay by which the average state of
adenylylation of the enzyme can be determined.

Kinetic studies with Zn^ indicate that it probably reacts at a site
different from that which binds Mn2+ or Mg^"^. In competition studies it
appears that Zn"^ prevents the binding of Mn2+ or Mg2+ to one of two tight
binding sites for these ions on each subunit of enz3mie.

In contrast to nearly normal substrate saturation f-unctions for

Mn2+ or Mg2+ activated enzjnne, the activity of Zn2+ activated enz3nne

is a complex function of the glutamate concentration which suggests that
both cooperative and anticooperative effects are involved.

In general, these results support further the concltision that
glutamine synthetase is a very flexible molecxile capable of existing in

many different conformational states that are differentially stabilized
by various divalent cations, nucleotides, substrates and feedback
effectors.

Proposed course of project:

Detailed kinetic studies will be contlnned to determine the mechanism
of the complex behavior of the Zn^"*" activated enzyme and to establish
whether or not various feedback inhibitors react at separate sites on the
enzyme.

Part B
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Serial No. NHLI- 12
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: 1) Regulation of Glutaminases in E. Coli .

2) Cyclic AMP Regulation of the Enzymes of Glutamine
Metabolism.

3) Electrophoretic Stain for Glutaminase.

4) Symposium on the Enzjnnes of Glutamine Metabolism.

Previous Serial Number:

Principal Investigator: Stanley Prusiner

Other Investigators: E. R. Stadtman
J. Davis
R. E. Miller
R. C. Valentine

Cooperating Units: None

Project Description:

Objectives: 1) To understand the function and regulation of glutaminases
in E. coli .

2) To examine the role of cAMP in the regulation of enzyme synthesis as
related to glutamine metabolism.

3) Development of electrophoretic techniques for the preparation and
specific staining of glutaminase.

4) To generate a better understanding of the complex regulation of
glutamine metabolism by bringing together scientists who work on the various
biosynthetic enzymes utilizing the amide nitrogen of glutamine.

Major Findings:

1. E. Coli contains at two glutaminases A and B with pH optima at 5 and
7 respectively. The synthesis of glutaminase A is subject to "catabolite
derepression" which may be reversed by cAMP. In addition, the concentrations
of NH3 and glutamate in the culture media also control the level of
glutaminase A. In contrast, the synthesis of glutaminase B is unaltered by
cAMP or metabolites. The activity of glutaminase B is allosterically modu-
lated by dicarboxylic acids, divalent cations and nucleotides. Glutaminase B

has been purified more than 6000 fold from E. coli by ammonium sulfate
fractionation, ion exchange chromatography, gel filtration, and preparative
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electrophoresis. The enzyme is an acidic protein of molecular weight approx-

imately 92,000. In addition, the enzyme is cold labile and exhibits complex

kinetics for substrate saturation plots.

Both purified glutaminases A and B have high specific activities of

760 umoles/mg/min and >400 pmoles/mg/min respectively. In E. coli mutants

deficient in one or more of the biosynthetic enzymes with low glutaminase

activity, glutaminases A and B were unaltered. These results support the

idea that glutaminases A and B function specifically to catalyze the formation

of glutamate and NH^ from glutamine.

The precise role of glutaminase A in cellular metabolism remains to be

established but the above studies on the modulation of glutaminase B activity

suggest that glutaminase B compliments the activity of glutamine synthetase

in the regulation of cellular glutamate and glutamine stores. Rigorous

control of both glutaminase B and glutamine synthetase prevents the coupling

of these two enzymes to form a "futile cycle" of amide degradation and

synthesis. The regulation of glutaminase B and glutamine synthetase by the

products of energy metabolism and by products of biosynthetic reactions,

respectively, is quite similar to the allosteric controls imposed upon enzyme

couples of known amphibolic pathways. This similarity has suggested the

existence of a novel amphibolic pathway where the carbon skeleton of glutamate

may be consumed for energy generation or the amide nitrogen of glutamine

donated for biosynthetic processes. (In collaboration with E. R. Stadtman

and J. Davis.

)

2. In bacteria, cAMP has been shown to control the synthesis of a number

of enzymes subject to catabolite repression. We examined the activities of

glutaminase A, glutamate synthase, glutamate dehydrogenase, glutamine synthetase,

and glutaminase B in E. coli grown in the presence and absence of cAMP. After
amplifying the effects of exogenous cAMP by using a mutant deficient in adenyl

cyclase, we observed that the synthesis of glutaminase A and glutamate synthase

was diminished by cAMP while the synthesis of glutamate dehydrogenase and

glutamine synthetase was increased. Glutaminase B was not altered by cAMP.

The cAMP effects were mediated by a specific cAMP binding protein since

mutants deficient in this protein, show no alterations of the synthesis of

these enzymes in response to cAMP. These studies have demonstrated a new
phenomena of "catabolite derepression" or negative control of protein syn-

thesis by cAMP. Thus, the synthesis of glutaminase A, glutamate S3mthase,

glutamate dehydrogenase, and glutamine synthetase in E. coli is regulated
pleiotropically by cAMP and specifically by cellular metabolites. (In

collaboration with R. E. Miller and R. C. Valentine.)

3. In the course of purifying glutaminase B which is a micro constitutive
enzyme, sensitive techniques for the assay and identification of glutaminase B

were required. A sensitive stain for glutaminase B activity has been developed.
The stain has been used on samples subjected to both polyacrylamide gel and
cellulose acetate electrophoresis. The technique utilizes a coupled system

involving the reduction of nitroblue tetrazolium dye. The system requires

purification of L-glutamine over Dowex-1-Cl just prior to use in order to

eliminate contaminating glutamate. (In collaboration with J. Davis.)

4^
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4. In biological organisms there are 13 enzymes which catalyze the

conversion of glutamine to glutamate. Ten of these are biosynthetic enzymes

which utilize the amide nitrogen of glutamine in the biosynthesis of amino

acids, amino sugars and nucleotides. In order to gain a better understanding

of the regulation of multiple enzyme systems with common substrates and of

the control mechanisms operating in amphibolic pathways we have organized an

international symposium which will gather and discuss information on the

enzymes of glutamine metabolism. (In collaboration with E. R. Stadtman.)

Significance to Bio-Medical Research:

Glutaminases are present in most animal tissues, plants, and microorga-
nisms, and in many cases isoenzymes of glutaminase exist. The function and
regulation of glutaminase activities were obscure except for the role of

glutaminase in renal ammonia production of mammals. Our studies have eluci-
dated the function and regulation of glutaminase B in the control of intra- !*

cellular glutamine levels in E. coli . Although the function of glutaminase A
remains unknown we have shown that the synthesis of this enzyme and of
glutamate synthase are subject to a previously unrecognized regulatory
phenomena: "catabolite derepression" or negative control by cAMP.

In recent years the glutaminases have assumed an important role as
possible cancer chemotherapeutic agents and immuno- suppressive drugs. In
addition, glutaminases have been implicated in the control of neurotrans-
mission which is mediated by 7 aminobutyric acid and possibly glutamate.

Publications:

II

1. S. Prusiner and E. R. Stadtman; On the Regulation of Glutaminase in
E. Coli ; Metabolite Control; Biochem. Biophys. Res. Comm. 45: 1474, 197]

2. S. B. Prusiner, L. S. Milner, C. W. Long, and M. L. Myers; Vacuum Manifolc
for Rapid Assay of Enzymes Using Radioactive Tracers and Ion Exchange
Chromatography; Rev. Scientific Instruments 42: 493, 1971.

Proposed Course of Research:

1. Attempt to elucidate function of glutaminase A.

2. Complete physical and kinetic characterization of glutaminase B.

£9



Serial Mo. NHLI-13
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Glutamate Synthase: An Iron-Sulfide Flavoprotein

Previous Serial No.

Principal Investigator: Richard E. Miller

Other Investigators: E.R. Stadtman

Project Description:

Objectives: In ammonia starved -microorganisms the synthesis of

glutamate from a-ketoglutarate and L-glutamine "may be considered to be the
first step in a highly divergent metabolic pathway leading to the bio-
synthesis of a large number of metabolites. Prompted by this consideration
studies were undertaken to characterize glxitamate synthase the enzyme
catalyzing the reaction mentioned above. E. coli was selected as the
source for the enzyme because of our interest in the role of glutamine in
the nitrogen metabolism of that organism.

Major Findings ;

To determine if enzyme production is affected by the concentration of
ammonium salts in the culture medium, enzyme levels in cells grown on low
NH^Cl concentrations were compared with those in cells grown on high levels
of ammonium chloride. Over the range of 4 to 100 mM NH^Cl, glutamate syn-
thase and glutamate dehydrogenase levels were not significantly effected by
the ammonium salt concentration in the medium. In contrast, glutamine
synthetase in cells grown on low ammonia was 3.7 higher than in cells grown
on high - ammonia

.

In other growth experiments it was found that when NH4CI is replaced
by glutamate as the sole source of nitrogen, glutamate synthase and glutamate
dehydrogenase levels are markedly decreased compared to levels in high
ammonia grown cells while glutamine synthetase is markedly increased.

Glutamate synthase was purified to homogeneity from E. coli utilizing
streptomycin sulfate, (1^4)2804, acetone and heat steps followed by
agarose gel filtration and DEAE cellulose chromatography. Enzyme homogeneity
was established using polyacrylamide gel electrophoresis (pH 7.2 and pH 8.5),
cellulose acetate electrophoresis, and sedimentation velocity and sedimenta-
tion equilibrium studies.

S?
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Enzjmie disaggregation studies suggest that glutamate synthase is

composed of equal numbers of two types of dIssiTnilar snBtinits. Purified
enzyroe disaggregated with sodium dodecyl snlfate CSDS), tirea, or guanidine
migrates as two components (molecular weights 53,000 and 148,000) on SDS
polyacrylamide gels. Spectrophotometric gel scans indicate that the amount
of protein occur ing in each component is in proportion to its molecular
weight suggesting that the components exists in equimolar amounts in the
native enzyme.

Spectrophotometric studies of the purified enzyme were performed
using a Gary 17 spectrophotometer. The spectrum of the oxidized purified
enzyme (maxima at 278, 380, and 440 nm) is consistent with the conclnsion
that glutamate synthase is a flavoprotein. Rednction of the oxidized form
of the enz5nne with TPNH results in diminution of absorption at 440 nm and
the appearance of a broad absorption band centered at 630 nm. Further re-
duction of the enzyme with dithionite leads to further decrease in absorption i

at 440 nm and disappearance of the low amplitude long wave length absorption
|

band.

Sedimentation velocity and sedimentation equilibrium studies were
|

performed using a Spinco Model E. analytical ultracentrifuge equipped with
a photoelectric scanning absorption system. The sedimentation coefficient
of glutamate synthase is 20S. The molecular weight is 800,000. This value
was confirmed by sucrose density gradient sedimentation and agarose gel
filtration.

I

Flavin content of the purified enzyme was determined fluorometrically (f

and from the difference in absorption at 450 nm between oxidized and di-
thionite reduced' enzyme. There were 6.0-9.2 equivalents of flavin per mole
of enz3mie. Thin layer chromatography of the prosthetic group released from
boiled enz3nne disclosed the presence of both FAD and FMN. By fluorometric
analysis it was found that the ratio of FAD to FMN is approximately 6 to 4

.

The iron content (determined by atomic absorption spectroscopy) and the
labile sulfide content (determined chemically) were 38.4 and 30.4 equivalents
per mole of enzyme. Molybdenum was not detected.

Evidence for the involvement of flavin in the glutamate synthase
catalyzed reaction was obtained from studies of the capacity of dithionite-
reduced enzyme-bound flavin to serve as an electron donor in glutamate
synthesis.

Substrate requirement studies disclosed that glutamate synthase
requires L-glutamine, a-ketoglutarate and TPNH for catalytic activity.

Steady state kinetic studies were performed using a Gilford 300N f

spectrophotometer equipped with a thermocuvette and a Honeywell recorder.
Enzjrme activity was determined from the initial rate of TPNH oxidation.
Substrate saturation kinetics were hyperbolic; Km's for TPNH, a-ketoglutarate
and L-glutamine were 7.7, 7.3, and 250 pH, respectively. Since glutamate
synthase might play a major role in amino acid biosynthesis , the effects of

several potential effectors upon catalytic activity were explored. IVelve
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naturally occuring amino acids produced more than 50% inhibition of enzyme
activity at concentrations below 50 mM. TPN was one of the most potent
inhibitors. Tricarboxylic acid cycle intermediate were poor inhibitors of
activity as were nucleoside triphosphates.

Amino acid analysis of the purified enzjrme was performed using a

Beckman Model 121 automatic amino acid analyzer.

Proposed course of action:

1. Attempt to determine the sequence of addition of substrates to

form the enzjmie substrate complex. This might be accomplished using
steady state kinetic analysis of data obtained from catalytic assays.

2. Separate nonidentical subunits by agarose gel filtration in the
presence of SDS and prove non-identity by amino acid analysis. Attempts
will also be made to reconstitute the enzjnne, and to determine which
subunit contains iron and flavin.

3. Determine the mechanism of inhibition of catalytic activity by
various effectors (e.g., competitive, noncompetitive, uncompetitive). Also
determine whether binding of inhibitors is at one or several sites.

4. Develope a method for measuring glutamine, and for -measuring
glutamine synthetase activity using glutamate synthase.

5. Perform EPR studies on the purified enzyme to determine if

reduction with TPNH results in the appearance of an EPR signal at g=2.00,

g = 1.94 as has been observed for other non-heme iron containing metallo-
f lavoproteins.

Part B



Serial No. NHLI-14
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Glutamine Synthetase Adenylylation and Adenylylation
Regulation and Properties

Previous Serial Number:

Principal Investigator: Gulio Magni,
E.R. Stadtman
John Mangum ;

Other Investigators: none

Project Description:

Objectives: Earlier studies showed that two protein components, Pj and P-

are concerned with the adenylylation and deadenylylation of JE. coli
glutamine synthetase. Pj by itself catalyzes both adenylylation and
deadenylylation reactions and its activity is Tuodnlated by Pjj and several

effectors. The present investigations are concerned with the purification I

of the deadenylylation system and the el-ucidation of its regulatory
properties.

Major Findings: The Pj]- protein exists in two forms: one form Pjia
stimulates Pj catalyzed adenylylation activity in the absence of glxitamine

and makes this activity sensitive to inhibition by 2-oxoglxitarate; it

does not affect greatly deadenylylation activity. The other form Pjjpj
stimulates the deadenylylation activity of Pj, which is then dependent
upon the presence of ATP and 2-oxoglutarate. Conversion of Pjia. to PjiD
requires the presence of UTP, ATP and 2-oxogl-utarate; it is catalyzed
by an enzyme present in Pj preparation. UTP may be directly involved
in this conversion since Pud fractions reisolated by filtration through
Sephedex G-75 contain small quantities of a bound uridine derivative,
that lacks the Y-phosphoryl gronp of TJTP. The radioactivity of TxTD
can be precipitated by PCA. Treatment of labeled Pud with snake venom
phosphodiesterase leads to a release of 80% of the protein bound
radioactivity.

In an attempt to identifiy the labeled uridine derivative pre-
liminary experiments suggest that UMP is the compound released by snake
venom phosphodiesterase.

Recently the Pjj- activating enzyme was isolated from crude Pj
preparation upon elution from DEAE-52 column. The conversion of PjiA to

DPxiD by this enzyme requires UTP, ATP and "^-ketoglutarate and is reversedj

by the addition of orthophosphate. The possibility that the reverse *

reaction is due to the same enzyme that catalyzes the conversion of PnA t(

^IID tias not been determined. -, 5^
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Proposed course of action

Homogeneous preparations of Pjj and activating enzyme are required
to ascertain the mechanism of interaction of the two proteins with IJTP

and inorganic phosphate and to study their physiochemical properties.
Further purification may be realized with affinity chromatography and
preparative disc-gel electrophoresis.

^3r



Serial No. NHL,I-15
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 1972

Project Title: The Modulation of Glutamine Synthetase Adenylylation and
Deadenylylation by Metabolic Transformation of the Pij-
Regulatory Protein.

Previous Serial No.

Principal Investigator: Mike S. Brown,
Amiel Segal
Giulio Magni
John H. Mangum
E.R. Stadtman

Other Investigators: none

Cooperating Units: none

Project Description:

I

Objectives: A complex enzjmie system is involved in the adenylylation
and deadenylylation of Escherichia coli glutamine synthetase. One protein
designated Pi catalyzes both adenylylation and deadenylylation. A second
protein (Pij) influences which of these events occur. It has recently been
shown that Pjj can exist in two interconvertible forms: One form CPxID)
stimulates Pj-catalyzed deadenylylation while the second formCPuA^
stimulates adenylylation. The specific aims of this project are (1) to

purify these two forms of Pjj and (2) to determine any chemical or
physical differences between them- and C3) to elucidate the mechanism of

their interconversion.

Major Findings:

The P-rj-protein exists in two forms: one form, PjlA' stimulates,
Pj-catalyzed adenylylation activity in the absence of glutamine and makes
this activity very sensitive to inhibition by 2-oxoglutarate; it does not
affect deadenylylation activity. The other form, PjxD' stimulates
adenylylation only if glutamine is present, and also stimulates the
deadenylylation activity of Pj, which is then dependent upon the presence
of ATP and 2-oxoglutarate. Cenversion of Ptja to Pt-t-j-, requires the
presence of UTP, ATP and 2-oxoglutarate; it is catalyzed by an enzyme
present in Pj preparations. UTP may be directly involved in this conversion
since Puq fractions reisolated by filtration through Sephadex G-lOO
contain small quantities of a bound uridine derivative that lacks the
y-phosphoryl group of UTP. The activity of PjiD' ^^^ not of Pji^ is
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destroyed by treatment with snake-venom phosphodiesterase. ATP and
2-oxoglutarate apparently function as allosteric effectors for the
conversion of Pji/^ to Pxq.

The binding of a uridine derivate to TPjj^ during the conversion
°f PjIA to PjiD ^^^ been confirmed by numerous labeling experiments.
The passage of Cl^-uridine labeled Pjid through a Sephadex G 75 column
gave an excellent correspondence between bound counts and activity.
Furthermore, extensive dialysis against UTP, UDP, and UMP failed to

remove the bound counts. The fact that the counts are precipitable by
perchloric acid would strongly suggest that the uridine derivative is

covalently attached to Pitd-

Extensive purification of both PjiA ^^^
'^IID

^^"^^ been achieved.
Procedures have been developed which permit the separation of Pji from
the activation system, as well as, from a recently discovered inactivation
system. These two enzyme systems permit the reversible interconversion
of PjjA to PjiD

Proposed course of action;

Experiments are now in progress which should further substantiate a

covalent attachment of a uridine derivate during the formation of Pjij).

The nature of this derivate will be established and an attempt made
to demonstrate that the conversion of PjxD *-° -PlIA involves a removal
of this uridine derivative. The other biochemical parameters of this
reversible Pjia to Pjjt) conversion will also be investigated.

Part B YES
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Publications

1. M.S. Brown, A. Segal and E.R. Stadtman, Modnlation of Glutamine Synthetase
Adenylylation and Deadenylylation Is Mediated by Metabolic Transformation
of the PII-Regulatory Protein (E. coli/protein-bound laridine nxicleotide/

adenylyltransf erase/ 2-oxogl-utarate/cascade regulation)
Proc. Nat. Acad. Sci. USA vol. 68, pp. 2949-2953 Cl97l)

2. E.R. Stadtman, A. Ginsburg, W.B. Anderson, A. Segal, M.S. Brown and
J.E. Ciardi, Regulation on Glutamine Metabolism in E. coli by Enzyme
Catalyzed Adenylylation and Deadenylylation of Glutamine Synthetase,
First Congreso De La Asociacion Panamericana de Sociedades de Bioquimica,
Caracas, 11-17 July, 1971.

3. E.R. Stadtman, M. Brown, A Segal, W.A. Anderson, B. Henning, A. Ginsburg,
J.H. Mangum, On the Mechajism of Action and Metabolic Control of the

Multifunctional Enzyme Complex that Catalyzes Adenylylation and Deadenylyl-
ation of E. coli Glutamine Synthetase,
Second International Symposium on Metabolic Interconversion of Enzymes,
Rottach-Egern, Bavaria, Germany, 1971.
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PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Resolution and characterization of the electron
transport chain of E. Coli.

Previous Serial No, : NHLI-150

Principal Investigator: Richard W. Handler

Other Investigator: Amelia B, Yarbrough

Project Description:

Objectives:

1, To define the electron transport chain in terms of components and their
sequence,

2, To dissolve, isolate, and characterize the components and to reconstruct
a functional chain from the isolated components.

3, To explore the possibility that redox energy liberated by the electron
transport chain can be used directly in the membrane for biosynthetic
(or transport) functions.

Methods Employed and Major Findings:

A. Release of components of the electron transport chain by dissolution of

the membrane:

The soliibilization of the cytochromes and major cytochrome-linked dehydro-
genases of E. coli membranes was studied as a function of DOC concentration
and conditions of treatment. Conditions which effect the activity of the
released components and their stability to storage were also studied.
Ammonium sulfate and Mg"*""*" stimulate the released activities. The stability
of these enzymes to storage is decreased by dialysis and lyophilization.
The methods of acrylamide gel electrophoresis and gel chromatography
were used to assign molecular weights to the released components,

A major finding was that solubilization destroyed NADH oxidase and D-

lactate oxidase activities but left succinoxidase activity intact. This
observation can be correlated with the finding that a succinate dehydro-
genase-cytochrome bj^ complex chromatographs as a single entity on
Sepharose 4B and in acrylamide gel electrophoresis. The addition of various
quinones did not stimulate oxidase activity with the siibstrates used

1 rf
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(D-lactate, succinate, NADH) . Menodione, however, elecited a strong D-

lactate oxidase activity by a route NOT involving cytochromes. The possible
significance of this observation in relation to the unique role of D-
lactate in stimulating active transport in E. coli is under consideration.

B. Resolution of the electron transport chain.

Fractionation of the DOC-solubilized membranes has been accomplished by
chromatography on Sepharose 4B and by acrylamide gel electrophoresis.
Other methods of fractionation were explored in order to develop a large
scale method for obtaining the individually purified components, A new
approach to preparative gel electrophoresis was tried. After obtaining
fractionation on thick gel slabs, it was hoped that lateral electrophoresis
of the "bands" from the gel into isolated compartments would offer a practi-
cal means of purification. So far, however, we have not been able to
prevent the leakage of collected material from the mechanical compartments.
A successful means of isolating the components appears to be offered by
the combination of DEAE chromatography with hydroxylapatite chromatography.
In collaboration with Dr. Elbert Peterson, conditions have been developed
for the almost complete separation of the three dehydrogenases (NADH,

D-lactate, succinate). Hydroxylapatite also leads to a separation and the
order of elution of the dehydrogenases is different than that on DEAE.
The behavior of cytochromes on the two columns is being explored. A
combination of the two methods may lead to the successful resolution of
the components of the electron transport chain.

Significance to Bio-Medical Research: We are interested in the role of the
membrane in organizing complex metabolic pathways. In electron transport
many different macromolecules must function in a sequential manner. The
efficient use of the liberated energy requires the participation of
several other (undefined) components. A further integration with energy-
requiring systems (protein synthesis, DNA synthesis, transport) may occur
in the membranes. An understanding of the manner of efficiently organiza-
ing complex enzyme systems could lead to a better understanding of
cellular function.

Proposed Course of Research: The purification and characterization of the
components of the electron transport chain will be pursued. Efforts
will be made to reconstruct functional oxidase systems from the
individual components.

Publications s

Hendler, R.W, , Respiration and protein synthesis in Eschericia coli
membrane-envelope fragments. V. On the reduction of non heme iron and
the cytochromes by nicotinamide adenine dinucleotide and succinate.
J. Cell Biol. , 51, 664 (1971).
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Serial No.: NHLI-17
1. Laboratory of Biochemistry
2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: DNA synthesis in E. coli .

Previous Serial No. : None

Principal Investigators: Richard W. Hendler
Raymond Scharff
Michael Pereira

Collaborating Investigator for Electron Microscopic Studies:

N. Nanninga of the Laboratory for Electron Microscopie, University of

Amsterdam, Netherlands.

Project Description:

Objectives: 1) To study DNA synthesis in structural fragments of E. coli
obtained by gentle techniques. 2) To identify the activity in terms
of the known DNA polymerases and associated nucleases or any new components.

3) To determine if the activity is part of the in vivo replicase or is

just another repair system.

Methods Employed and Major Findings:

We have found that a crude ribosomal fraction, P3, obtained from E. coli
by mild techniques accounts for 20% of the endogenous DNA-synthesizing
activity but contains less than 1% of a marker enzyme for solvible

components, and only 8% of the phospholipid. The DNA-synthesizing activity
of P3 differs from the soliible activity in 1) its preference for native
DNA over heated DNA; 2) its stimulation by ATP; 3) its sedimentation
velocity through sucrose layers; 4) its sensitivity to deoxycholate;
5) the Extent to which it can be stimulated by added DNA, We have further
fractionated the P3 fraction by use of Bio-Gel 50 and 150 to separate
the synthesizing activity from ribosomes and polysomes. The activity is

contained in a unit with a molecular weight greater than 150x10^. The

activity is separated from most of the membranes containing the electron
transport chain by 19 hrs centrifugation in a 45,, 6 to 60% (w/w) sucrose
gradient. Although succinate dehydrogenase activity is separated from
the DNA-synthesizing activity, fatty acids that can be release by trans-
esterification are present. Therefore membranes are probably still
presento The synthesizing activity appears to be homogeneous (no evidence
of heterogeneity in the sucrose centrifugation) and the ATP stimulation
is still present after the sucrose density centrifugation. One important
and unusual feature of this in vitro system is that the synthetic activity
is stable over long periods of incubation (at least 80 mins). If the
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DNA-synthesing unit is linked to a membrane it would have to be via DNA

because DNAase liberates it from association with the large molecular
weight unit.

It has been suggested (by R. Werner) that deoxynucleoside triphosphates
are used for DNA repair in E. coli and that another metabolite (formed

in vivo from the free base) is preferentially used for replication. That

is the reason (according to Werner) that so far, only repair enzymes have
been found. We have tested this idea by isolating all water soli±ile and
lipid soliible in vivo formed metabolites of thymine and testing them as

precursors for DNA synthesis in vitro . We have found no precursor that

is more efficiently used than deoxythymidine triphosphate (TTP) nor
that is less easily diluted by unlabeled TTP and thus find no support
for Werner's hypothesis.

We have established that polymerase I is the major (or sole) polymerizing
activity present in P3 by using antibody to the enzyme. We have shown
that polymerase II is absent or present in minute amounts because of

insensitivity of the activity to 1-3-D-arabinofuranosylcytosine triphos-
phate (ara CTP) and to low concentrations of PCMB, The insensitivity to
ara CTP and the inhibition of the activity that accompanies dilution also
indicate the absence of polymerase III, We have identified exonuclease
V activity (an ATP stimulated DNAase product of the Rec B-Rec C genes)

,

Significance to Bio-Medical Research: The mechanism of DNA replication
has not been elucidated. We believe the problem may be that harsh
methods used for preparing cell extracts have destroyed delicate structural
associations. If the methods we have developed lead to an active in vitro
DNA replication system, it should be possible to learn more about this
vitally important phase of cellular growth.

Proposed Course of Research: 1) To see if the DNA-synthesizing unit
leads to true semi-conservative DNA replication, 2) To resolve and
purify the essential components involved in the ATP-stimulated DNA
synthesis. 3) To study the role of ATP in the process.

Publications

:

Scharff, R, , R,W. Hendler, N. Nanninga and A,H, Burgess, Respiration and
protein synthesis in Escherichia Coli membrane-envelope fragments:
IV, Chemical and cytological characterization and biosynthetic capabilities
of fragments obtained by mild procedures. J. Cell Biol. , 53, 1 (1972),

Hendler, R.W. and A.H. Burgess, Improved quantitative assay procedures for
lipopolysaccharide and peptidoglycan components of Escherichia Coli .

Anal. Biochemistry (1972) (accepted for p\iblication)

,
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Serial No. :NHLI-18
1. Laboratory of Biochemistry
2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: The isolation and pijrification of human platelet
myosin and other contractile proteins from non-
muscle sources.

Previous Serial No. : NHLI-155

Principal Investigators: Robert Adelstein
W. Wayne Kielley

Other Investigators; Mary Anne Conti

Project Description:

Objectives: Studies in this laboratory have shown that a marked similarity
exists between myosin and actin isolated from h\aman platelets and muscle.
Using the techniques developed for isolating these two contractile proteins
from platelets we have isolated actin and myosin from cloned fibroblasts
grown in vitro . This is of particular interest, since muscle proteins have
been isolated from a niomber of different cells (e.g. brain, nerve axon,
endothelial cells) . It is the purpose of these studies to discover the
manner in which actin, myosin and tropomyosin interact in platelets
during platelet contraction and clot retraction. Furthermore, by
characterizing the muscle proteins in cloned fibroblasts and studying their
function in fibroblast motility, adhesiveness, and growth we hope to
uncover their role in non-muscle cells.

Methods Employed and Major Findings:

In isolating a myosin-like protein from blood platelets we have used clas-
sical methods of protein isolation (i.e. high ionic strength extraction with
low ionic strength precipitation, (NH^)2S04 fractionation) as well as more
recently developed techniques (Sepharose fractionation, affinity binding
of platelet myosin to rabbit skeletal actin) . Other techniques used include
electron microscopy, SDS polyacrylamide gel-electrophoresis, amino acid
analysis, and recently immunochemistry.

Starting with platelet concentrates we have succeeded in isolating myosin,
two well characterized proteolytic fragments of the myosin molecule,
(rod and head) and actin. We have found that platelet myosin is similar
to muscle myosin in that: a) its low salt ATPase activity in the presence
of Mg2+ is activated by rabbit skeletal actin, (and shows Ca2+ sensitivity
in the presence of rabbit native tropomyosin) , b) it is composed of both
light chains (M.W. 11-16,000) and heavy chains (M.W. 200,000), c) it binds
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to both platelet and skeletal muscle actin and, d) it has a similar appear-
ance to muscle myosin and muscle myosin head and rod in the electron
microscope (by Dr. T. Pollard, NHLI).

Platelet actin, which is also similar to muscle actin in the electron
microscope, contains, like skeletal actin, one residue of 3 -methylhistidine
per mole (M.W. 46,000). It also forms arrowheads with platelet myosin head
which are dissociated by ATP.

Working with cloned fibroblasts generously supplied by Drs. Ira Pastan
and George Johnson (NCI) we have succeeded in isolating both actin and
myosin.

Significance to Bio-Medical Research: The purpose of isolating contractile
proteins from platelets is to discover the role these proteins play in
platelet aggregation, platelet contraction and thrombus formation.
Furthermore it now appears that there are marked similarities between
muscle and platelet myosin and therefore any understanding of how platelet
myosin works may give insight into the mechanism of muscle contraction.

Muscle proteins have been reported recently in a number of cell types.
Although the muscle proteins have been classically associated with cell
motility it is conceivable that these proteins play an even more funda-
mental role in cell growth and function, (e.g. muscle proteins have been
reported to be present in the mitotic spindle) . It is the purpose of
these studies to uncover the role of muscle proteins, in non-muscle cells.

Proposed Coiorse of Research: The platelets proteins having been isolated
and characterized will be studied from a functional point of view. The
purpose of these studies will be two-fold; to understand the mechanism of
clot retraction and to uncover the nature of actin and myosin interaction.
The troponin-tropomyosin control system appears to be present in platelets
and its role in platelets will be explored.

The actin and myosin found in cloned fibroblasts will be looked for in
various fibroblasts mutants grown in vitro and in fibroblasts grown in the
presence of various chemical modifiers (e.g. cyclic AMP) to see what effect
growth conditions have on the presence and nature of the contractile proteins.
Particular attention will be paid to the possible role of these proteins in
determining fibroblast morphology, adhesiveness, division as well as
motilityo

Publications

:

Adelstein, R. , Pollard, T. , and Kuehl, W.M. Isolation arid characterization
of myosin fragments from human blood platelets. Proc. Nat. Acad. Sci. ,

68, 2703 (1971).

ii^



Serial No. s NHLI-19
1. Laboratory of Biochemistry
2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

fgejeet Title: The structural and biochemical activity of actin
and myosin.

Previous Serial No. : NHLI-154

Principal Investigators: Robert Adelstein
W. Wayne Kielley

Other Investigator: Mary Anne Conti

Project Description:

Objectives: The 17 cyanogen bromide peptides comprising the entire actin
molecule (MW=45,000) have been identified with respect to amino acid
composition and NHg terminal residues (Adelstein and Kuehl, Biochemistry

9f 1355, 1970). These peptides have now been placed in sequence as they
exist in the actin molecule and this work is to be presented at the IVth
International Biophysics Congress (Moscow Aug. 7-14, 1972).

Methods Employed and Major Findings:

The cyanogen bromide peptides were placed in order by isolating and
uniquely identifying the methionine containing tryptic peptides. Both
column chromatography and peptide mapping on paper were employed.

In working with the large, insoluble cyanogen bromide peptides the clas-
sical techniques in peptide separation and purification iB d to be modified.
The recently developed technique of maleating the £-NH2 group of lysine
in order to produce only C-terminal arginine peptides on tryptic digestion
was used to complete the ordering of the cyanogen bromide peptides.
Moreover maleation had the added benefit of soliobilizing some of the
larger peptides.

The proper ordering of the cyanogen bromide peptides, together with the
sequence of the individual peptides (over 90% completed) being carried
out by Dr. Marshall Elzinga at the Retina Foundation, Boston, Mass., will
yield the sequence of the entire 400 residue actin m.olecule.

Significance to Bio-Medical Research: This work is aimed at a better
understanding of muscular contraction. The ultimate aim of these structural
studies is to pinpoint those amino acid-residues (methylated as well as
non-methylated) that play a critical role in contraction and those
residues which if either altered (e.g. demethylated) or replaced, would
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result in muscle disease.

Similarities between actins isolated from a number of species (e.g. ameba,
human blood platelets) indicates that this work on the primary structure
of rabbit skeletal actin will be applicable to actins from other sources.

Proposed Course of Research: This concludes the structural aspects of
this study and this work is being written up for pioblication,, A compara-
tive study of the structure of rabbit skeletal actin with human platelet
actin is presently being undertaken.

Publications:

None,
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Serial No.: NHLI-20
1. Laboratory of Biochemistry
2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Proteolytic fragmentation of fibrinogen.

Previous Serial No.

:

None

Principal Investigator: Elemer Mihalyi

Other Investigators: David Towns

Project Description:

Objectives: To determine the structure of the fibrinogen molecule from the

kinetics of formation of the intermediate degradation products, and from

the molecular parameters of these degradation products.

Methods Employes:

This analysis depends on the fractionation of the digestion products on a

molecular weight basis. Previously Sephadex G200 exclusion chromatography
was used for this purpose. This is a lengthy procedure and computer has
to be used to resolve the overlapping peaks, A method has been worked out
for using SDS-gel electrophoresis for the same purpose. The gels are pre-
pared in quartz tubings and can be scanned directly in the tube with the
Zeiss Chromatogram Scanner at 280mjLi. This method was proved to be at
least as accurate as the Sephadex chromatography. The peaks were well
separated so there was no need for computer analysis.

Major Findings:

The scheme of fragmentation based on the three-nodule model of the fibrinogen
molecule proposed earlier was fully corroborated. The kinetics of the
formation and disappearance of the intermediates was resolved by a computer
program, since a four step consecutive reaction scheme is too difficult to
handle otherwise.

The scheme is the following:
1. F(340,000)~> A(280,000) + 2S (15,000) + P

2. A(280,000)-^B (170,000) +C (85,000) + P

3. B(170,000)-^C(85,000) + C* (85,000)

4. C*(85,000)-:>D(50,000) + P

In this scheme F is fibrinogen, and A, B, C, C* and D are intermediates, S

are small molecular weight fragments that are resistant to further pro-
teolysis and P are small peptides. The figiires in parenthesis are
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approximate molecular weights. The total amount of peptides released in

reactions 1 and 2 amount to 14% of the mass of the molecule.

The above scheme is related to the molecular structure in the following
way: A is a fibrinogen molecule trimmed by removing the two small fragments
(S) and most of the small peptides, but still consisting of 3 nodules.
This is cleaved into a two nodule fragment B and a one nodule fragment C,

by cleaving either of the two connecting segments between the nodules.
B is then separated into C and C* , the latter being the middle nodule.
For the time being C* is identified as the middle nodule only for symmetry
reasons. C* is then further degraded into D with liberation of more
peptides.

The scheme, except in small details, is identical with trypsin and plasmin.

Significance to Bio-Medical Research: To determine the scheme of degrada-
tion of fibrinogen during fibrinolysis.

Proposed Course of Research: The intermediates have not been obtained
in sufficiently pure state for precise molecular weight evaluations.
Their further purification and characterization will be pursued.

Publications:

None.
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Serial No. i NHLI-21
1. LeUsoratory of Biochemistry
2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Structure of enzymatic fragments of fibrinogen.

Previous Serial No. t None

Principal Investigators: John Eisele
Elemer Mihalyi

Other Investigator: David Towne

Project Description:

Objectives; Determination of the structure of fibrinogen.

Methods Employed:

1) Column chromatography; 2) polyacrilamide gel electrophoresis; 3) N-
terminal analysis with dimethylaminonaphthalenesulfonyl chloride (DNS-Cl);

4) quantitative fluorescence measurements on thin layer chromatograms;
5) amino acid analysis; 6) ultraviolet spectroscopy.

Major Findings:

It has previously been shown that limited digestion of fibrinogen with
trypsin or plasmin produces several species of lower molecular weight. Of
particular interest are the late appearing fragments of 85,000 and 50,000
molecular weight which are designated the D and E fragments. It is pro-
posed that the D fragments correspond to the three nodules seen by Hall and
Slater in electron microscopy of the native molecule. Classical work on
fibrinogen has shown that the molecule is composed of three pairs of poly-
peptide chains joined by disulfide bonds. The present work is directed
toward the identification of these chains or portions of them within the
tryptic digest fragments.

Because of previous difficulties in preparing homogeneous samples of the
peptide chains, a great deal of time was expended in screening various
techniques for separating proteins. These included preparative disc
electrophoresis, electrofocusing, and various column chromatography
methods. Using polyacrilamide gel electrophoresis as the criterion of
purity we were able to obtain homogeneous fractions of sulfitolyzed protein
by eluting from a CM cellulose column with stepwise increases in the
ionic strength of the eluant. As in previous work there was an indication
that variations in the sulfitolysis led to some variations in the end
products, but the bulk of the material remained unchanged.
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It was felt that a quantitative end group analysis V70uld be useful in this
work because of the possibility of multiple end groups in the tryptic
fragments. We have attempted to develop such a method for the N-terminal
group using the fluorescent compound DNS-Cl to tag the group quantitating
the products by fluorescence scanning of thin layer chromatograms with the
Zeiss chromatogram scanner. Attempts to quantitate the amount of protein
and degree of reaction using ultraviolet spectroscopy were of limited H
success and we settled on amino acid analysis of the reaction products
as the most acciorate and most readily available technique. To date we have
been successful in quantitating standard amino acid mixtures, but have
encountered difficulties in obtaining complete reaction of the fluoreseent
tag with the protein. We have used the pH-stat to control reaction condi-
tions and have varied the reagent concentration and solvent composition,
all without success.

Proposed Course of Research: The next step in our work will be purification
of the tryptic fragments using gel filtration chromatography. Additional
techniques to be developed are quantitative C-terminal analysis, probably
using carboxypeptidase and dansylation, and fingerprinting of the complete
proteolytic digests of our various protein preparations. With these
methods we should be able to determine the polypeptide composition of the
tryptic fragments and hence be able to relate the chemical and electron
microscopic models of the structure of the molecule.

Significance to Bio-Medical Research: Elucidation of the structure of
fibrinogen and the relation of this structure to in vivo degradation of
the molecule and to deficient crosslinking of fibrin clots.

Publications:

None.
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1. Laboratory of BiociheffllgtifY

2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the relationship of structure to free
radical distribution in the self-radiolysis of an

isotopically labeled protein.

Previous Serial No,

:

None

Principal Investigator: F. H. White, Jr.

Other Investigators: G. Wright (technical)

Project Description:

Objectives: To explore the formation and distribution of free radicals that

develop by self-radiolysis, in relation to the primary, secondary, and

tertiary structures, in a protein which has been isotopically labeled at

a specific site.

Methods Employed:

1. Chymotrypsin was labeled with diisopropylfluorophosphate (DFP) (Cohen

et al,. Methods in Enzymology XI, 688 (1967)), to attach the diisopropyl-
phosphoryl (DIP) group to the serine at position 195. The DFP had been
labeled with tritium by a commercial source to a specific activity of 3.3

curies per millimole, the highest activity available for this reagent.

2. Electron spin resonance (ESR) was employed for following free radical
formation in the labeled protein (lyophilized and in a vacuiim) that occurs

on storage.

3. The labeled protein, after an appropriate time of storage, was reacted
with tritiated hydrogen sulfide (HST) (F.H. White, Jr., et al. , Radiation
Res. 32 , 744 (1967)), which labels the carbon free radicals that develop
by self-radiolysis.

4. Amino acid analysis with scintillation flow counting was employed for

analysis of the labeled protein as described by: F.H. White and C„ Mencken,
Anal. Biochem. , 34_f 470 (1968).

5. Reduction and carboxymethylation to denature the labeled protein prior

to the separation of the A, B, and C chains, was carried out as described

by F.H. White, Methods in Enzymology XI, 481 (1967). Chromatography on

DEAE cellulose to isolate the B and C chains was performed by an established
procedure. The C chain was digested with trypsin, cyanogen bromide and
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chymotrypsin. Peptide 193-199 was separated by siibjecting the digest to

high voltage paper electrophoresis.

Major Findings:

1„ Chymotrypsin was labeled with tritiated DFP and had a final specific

activity of 3.3 curies/millimole. When the lyophilized protein was placed

in a quartz tiobe and sealed under vacuinn, and then examined by ESR, the

increase in signal strength, indicating an increase in free radical content,

was linear for at least 5 weeks.

2. After this time, the sample was reacted with HST, hydrolyzed, dried, and

analyzed to determine the location of tritium among the amino acid residues.
Since the DIP group is removed by hydrolysis and drying, the remaining tri-

tium is the result of reaction between HST and radicals. Amino acid analysis
indicated the following: those amino acids with significant counts were
Ser_^Gly>Leij\Met\Pro\Asp\iis^yS. Fifty percent of the total count appeared
in Ser and Gly.

3. These results, as they relate to the dimensions of peptide 191-199

(CyS.Met.Gly.Asp.Ser.Gly.Gly.Pro.Leu) , suggest an effective radius for

radical formation of approximately lOA from the radioactive source (DIP

group) . The count observed for histidine may result from the known proximity
of residue 57 (histidine) to residue 195 (serine).

4. Peptide 193-199 has been isolated and analyzed. The activities of the
residues are approximately sufficient to account for the activities found
on analysis of the whole protein. Thus, it has been shown that the tri-
tium content is highest for those residues closest to the source of radiation.

Significance to Biomedical Research: The spatial relationship between the
source of radiation and the radicals that form on self-radiolysis suggests
applications of this approach to the study of protein binding sites. Thus,
those residues within approximately lOA of the bound, isotopically labeled
group would become tritiated and could then be easily identified. Of
particular interest would be the investigation of hapten-antibody inter-
actions, since relatively little is known concerning the nature of the
binding sites of antibodies.

Proposed Course of Research: 1) The investigation will be continued to
isolate the peptides containing residues in the vicinity of the radioactive
sourc® with particular emphasis on the histidine residues of B chain.
2) The investigation will be extended to other protein binding sites, with
emphasis on hapten-antibody interactions.

Publications: None.
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Serial No.: NHLI-23
1. Laboratory of Biochemistry
2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the tritiation of a peptide derived from
nisin.

Previous Serial No. : NHLl-147

Principal Investigator: F. H. White, Jr.

Other Investigators: E. Gross (NICHHD)

G, Wright, Jr. (technical)

Project Description:

Objectives: To employ a peptide, derived from the bacterial antibiotic
nisin, as. a model compound in the investigation of side reactions that
proceed during the tritiation of proteins with tritiated hydrogen sulfide
(HST) .

Methods Employed:

1. Tritium labeling was achieved by the free radical interceptor method, with
the aid of electrical discharge (White, et al.. Anal. Biochem. 30.f 295

(1969)), followed by exposure to HST. Evidence has accumulated (P. Riesz
and F.H. White, Advances in Chem. Series 81_, Vol. I, p. 496 (1968)) that the
resulting distribution of tritiiom among the amino acid residues reflects
the distribution of free radicals from exposure to discharge or ionizing
radiation.

2. Amino acid analysis with scintillation flow counting (F.H. White and C.

Mencken, Analo Biochem. 34 , 560 (1970)) was employed to determine distribu-
tion of tritium among amino acids of hydrolysates of the labeled peptide.

3. Purification of nisin, proteolytic cleavage to yield a tridecapaptide
("nisin peptide"), and saturation of the dehydroalanine within this peptide,
were carried out as described by E. Gross and J. Morell (Proc. Nat. Acad.
Sci. 62_, 952 (1969)). Attachment of proline residues to the peptide was
achieved by activation of the carboxyl group with NN'-carbonyl diimidazole.

Major Findings:

The following reactions are involved in the tritiation of nisin peptide and
prolinated nisin peptide:
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ionizing radiation or

Peptide-CH '^^'X<^'%,^\^' ^ peptide C* + H» (1)

electrical discharge

Peptide C- + HST ^peptide-CT + HS*
(2)

(or peptide-CH + TS"

)

HS* + proline residue—^proline-C + H2S (3)

HS" + Peptide .^ -> peptide (4)

S -

—

i 4' ^SH

Reaction (1) indicates the formation of a free radical on carbon as a result
of exposure of the peptide to ionizing radiation or electrical discharge.
By reaction (2), tritiimi is incorporated into the sample and HS* is libera-
ted. The latter is partially eliminated as shown by reaction (3), whereby
HS* abstracts a hydrogen from a weak C-H bond, known to exist within the
proline ring, to yield a radical on proline. This radical may migrate to
other positions within the peptide, and a further reaction would then ensue
to perpetuate a chain reaction and incorporate more tritiinn. The HS*
radical is also eliminated by reaction with a disulfide bond (reaction
(4)).

Although approximately 3 times as much tritiiom could be incorporated into
prolinated nisin peptide as into nisin peptide, due to reaction (3),
there was little difference in the tritiian distribution throughout the pep-
tide chains. On repeated analysis, however, significant differences were
noted in two residues; serine and histidine were more heavily labeled in
the nisin peptide. Consideration of the molecular models of these peptides
indicates the likelihood of hydrogen bonding between serine and histidine.
Since, however, the hydroxyl oxygen of serine carries a proline residue in
the prolinated derivative, such bonding would not exist in the latter.
These results suggest a correlation between hydrogen bonding and tritiijm
distribution which will be investigated further. Introduction of a
disulfide bond into the nisin peptide did not influence the tritium
distribution. Hence the unsaturation in this peptide (dehydroalanine)

,

which is eliminated by this procedure, has no unusual effect on the free
radical chemistry of this peptide. Further, the function of the disulfide
bond, as in reaction (4), has no apparent effect on the total tritium
incorporated.

Significance to Biomedical Research: Because of the rising use of radio-
isotopes for medical purposes as well as increasing radiation hazards, it
is becoming increasingly necessary to understand the mechanisms involved in
radiation damage. Since free radicals play a significant role in radio-
lytic pathways, emphasis has been placed on the study of their distributions
in proteins and peptides. The technique employed for this purpose, the
"free-radical interceptor method" constitutes an original approach to this
problem and would be relevant also to the tritium-labeling of proteins and
peptides for use in a wide variety of biological tracer studies.
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Proposed Course of Research: The possible relationship between hydrogen
bonding and tritium distribution will be explored further. Chymotrypsin has
been chosen for this purpose, since residue 195 (serine) is hydrogen bonded
to residue 57 (histidine) within the active site.

Publications: None,
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Serial No: NHLI-24
1. Laboratory of Biochemistry
2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Effects of conformation on the distribution of

free radicals among the amino acid residues of an
irradiated protein.

Previous Serial No.: NHLI-216, 217, 218

Principal Investigator: F. H. White, Jr.

Other Investigators: T. Smitherman (NCI)

P. Riesz (NCI)

H. Moss (NCI, technical)
G. Wright (technical)

Project Description:

Objectives: To determine the distributions of carbon free-radicals through-
out the individual residues of an irradiated protein and to correlate these
results with secondary and tertiary structures.

Methods Employed

1. Electron spin resonance (ESR) was employed for following free radical
formation and decay in irradiated proteins.

2. Two methods of protein tritiation have been employed. 1) Free radical
interception as described previously (F.H. White, Jr., et al. Radiation Res.
32 , 744 (1967)); 2) Radiation-induced hydrogen transfer (RIHT) , (P. Riesz,
Radiation Res. 44 , 35 (1970)) involves incorporation of tritium onto
exchangeable sites, followed by /-irradiation, whereupon a fraction of the
tritium becomes incorporated onto nonexchangeable sites by an unknown path-
way.

3. Denaturation of proteins was achieved by reduction and carboxymethylation
(F.H. White, Jr., Methods in Enzymology XI, 481 (1967)).

4. Digestion of tritiated, denatured lysozyme with chymotrypsin and separa-
tion of peptides by chromatography and electrophoresis were achieved by
literature methods.

5. Amino acid analysis in conjunction with scintillation flow counting were
accomplished as described by White and Mencken, Anal. Biochem. , 34 , 470
(1968).

7C



Serial No: NHLI-24

6, Statistical comparison of tritiiim distributions among amino acids of

various proteins was achieved by the product-moment correlation coefficient,

defined as follows:

Rp = (X - X) (Y - Y) .

^ ^(X-1{)^^(Y -T)2

R is the correlation coefficient, X and Y represent the specific activities
for a given amino acid in the two proteins under comparison, and X and Y

are the averages of the specific activities for all amino acids in each
protein. By this method a coefficient of unity would indicate a perfect
correlation as exists between two identical groups of specific activity
values. A value of zero would indicate that no correlation exists. The

actual value obtained, between zero and unity, can then be taken as a

measure of the extent to which the two groups of figures are related.

Major Findings:

1. Free radical interception and the RIHT process have been shown to differ
in one major respect, namely, that there is relatively little effect of

protein conformation on the distribution of tritium by the latter method.
Thus, with free radical interception, those residues with the highest, label
were closely associated with the "hydrophobic box", while no such correla-
tion could be made with the RIHT process.

2. However, statistical comparisons of the specific activities of amino
acids from several proteins, before and after denaturation, indicate signi-
ficant differences in tritium distribution, to suggest that conformation
does indeed operate to some extent. However, if this were the only control-
ling factor, correlation coefficients derived from comparison among
denatured proteins should be close to unity, as has frequently been observed
for free radical interception (J. H. Miller, F.H. White, P. Riesz, and H. Kon,
Photochem. Photobiol. , 14, 577 (1971)). Therefore other factors, e.g.

amino acid sequence or amino acid composition, or both, may be relatively
more important in the RIHT process.

Significance to Biomedical Research: This work was undertaken to clarify
the relationship between conformation and radiolysis. Thus, further insight
may be obtained into the effects of ionizing radiation upon the biological
macromolecule. Further, the understanding of this relationship may make
possible the development of new methods for investigation of protein
conformation.

Proposed Course of Research: The investigation will be continued to examine
further the specific activities of individual amino acids in tritium-
labeled proteins and to correlate these activities with their conformational
features.

Publications

:
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White, F.H. , Jr.: Reduction and reoxidation at disulfide bonds, in revised
Vol. XI, Methods in Enzymology . in press.

White, F.H., Jr.: Thiolation of proteins, in revised Vol. XI, Methods in
Enzymology , in press.

Miller, J.H., White, F.H. , Jr., Riesz, P., and Kon, H. : Distribution of
free radicals among amino acids from lyophilized ultraviolet irradiated
proteins, Photochem. and Photobiol. 14, 577 (1971).
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Serial No.: NHLI-25
1, Laboratory of Biochemistry
2, Cellular Physiology
3, Bethesda, Maryland

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: The interaction of actin and myosin.

Previous Serial No. : NHLI-151

Principal Investigators: Evan Eisenberg
W. Wayne Kielley

Other Investigator: Louis Dobkin

Project Description:

Objectives: It is now generally recognized that contraction of muscle
involves the interaction of the two proteins actin and myosin with ATP.

Clearly therefore it is of importance to determine the nature of the
binding which occurs between actin and myosin in vitro in the presence
of ATP. This is difficult to accomplish with myosin because it occurs
as heterogeneous filaments at low ionic, but heavy meromyosin (HMM) , .a

tryptic digestion product of myosin, is monomeric under these conditions
and therefore its binding to actin can be more easily studied.

In the present study we investigated the binding of HMM to actin in the
presence of ATP using both the analytical ultracentrifuge and ATPase
studies.

Methods Employed and Major Findings:

At 0°, at very low ionic strength, the double reciprocal plot of HMM
ATPase vs. actin concentration is linear. If one asstunes that the binding
of the HMM-ATP complex to actin follows a normal hyperbolic curve, then,
at an actin concentration where the acto-HMM ATPase is 85% of Vmax, all
but 15% of the HMM should be complexed with actin. However, in direct
measurement of the binding of HMM to actin in the presence of ATP using
the analytical ultracentrifuge more than 60% of the HMM was not bound
to actin under the above condition. At lower actin concentration even less
HMM bound. On the other hand, after all of the ATP was hydrolyzed to ADP
and Pi essentially all of the HMM bound to actin. From an examination of
the EDTA and Ca2+ ATPases it ;seemed unlikely that the unbound HMM was
denatured. The possibility therefore arises that during the steady state
hydrolysis of ATP, the HMM spends more than 50% of the time in its cycle
of interaction with actin and ATP in a "refractory state", unable to bind
to actin. In this case, it might be expected that during the time an
HMM molecule goes through one cycle of interaction with actin arid ATP,
an actin monomer could bind and release several HMM molecules so that the
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turnover rate per mole of added actin would be considerably greater than
the turnover rate per mole of added HMM. Comparison of the ATPase rate at

very high actin concentration, with that at very high HMM concentration
shows that this is indeed the case. Therefore both kinetic and ultracentri-
fuge studies suggest that the HMM exists in a refractory state during a

large part of its cycle of interaction with actin and ATP. This finding
in turn may have significant implications for the contraction of muscle
in vivo . It may explain the X-ray diffraction data which show that during
muscle contraction only a small fraction of the myosin bridges are actually
attached to the actin filament. Although this finding could be explained
on the basis of the in vivo geometry of the muscle filaments, our result
suggests that it may, in fact, depend on the inherent biochemical char-
acteristic of the myosin molecule which requires it to spend a large
fraction of its cycle of interaction with actin in the refractory state
and therefore off of the actin filament. This same biochemical characteristic
may provide an explanation for the finding that the velocity of bridge
movement in muscle is much faster than the over-all ATP turnover rate
observed in vitro ; and finally it may provide a link between the ATPase
activity of myosin and the force-velocity curve observed for muscle in vivo .

Proposed Course of Research: We plan to continue our investigation of the
binding of actin to HMM in the presence of ATP using both the analytical
ultracentrifuge and kinetic methods. We also plan to investigate the
binding of subfragment-1 a further digestion product of HMM which unlike
HMM has only a single active site. We also plan to investigate the binding
of modified myosins in which SH groups have been blocked in an effort
to determine the biochemical nature of the refractory state.

Significance to Bio-Medical Research: This work is aimed at gaining a
better understanding of the basic mechanisms of muscle motility, a

phenomenon which occurs not only in skeletal muscle, but also in such
diverse systems as cardiac muscle, arterial smooth muscle, platelets, and
perhaps within all cells where protoplasmic streaming occurs.

Publications:

Eisenberg, E. , Dobkin, L. and Kielley, W.W. , Heavy meromyosin: Evidence for
a refractory state unable to bind to actin in the presence of ATP,
Proc. Natl. Acado Sci. , 69, 3, 1972.
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1. Laboratory of Biochemistry
2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Control of the interaction of actin and myosin
by native tropomyosin.

Previous Serial No. : None

Principal Investigators: Evan Eisenberg
W. Wayne Kielley

Other Investigators: Juanita Cooke
Kate Bell

Project Description:

Objectives: It is now clear that relaxation of skeletal muscle is caused
by removal of Ca2+ from the sarcoplasm by the sarcoplasmic reticulum and
that contraction is triggered by release of the Ca , It is also now
clear that this effect of Ca2+ is mediated by a complex of proteins which
bind to the actin filament. This complex of proteins is called "native
tropomyosin" and as we have previously shown, it acts by preventing the
binding of actin to myosin in the absence of Ca^"*". In the present study
we have succeeded in fractionating the native tropomyosin into its component
factors and then reconstituting the active complex in the absence of \area.

Methods Employed and Major Findings:

First the native tropomyosin was separated into its two major components,
troponin and tropomyosin by hydroxylapatite column chromatography, a much
cleaner method than the non-chromatographic techniques previously employed
by other workers. Second, we found that separation of the troponin
components by DEAE sephadex chromatography in 6M urea, using the method
previously developed by Greaser and Gergely was much improved if the sample
was first pretreated with a Ca chelator. In this case, 4 fractions were
obtained and fractions II, III and IV gave single bands on SDS gel
electrophoresis with molecular weights similar to those found for these
fractions by Greaser and Gergely. The activity of these fractions was
assessed by recombining them with tropomyosin in the absence of urea.
Both in the presence and absence of Ca^"^, fraction II completely inhibited
the actin activation of the HMM ATPase and fraction IV blocked this
action of fraction II. Furthermore when fraction III was added to the
other two fractions in the absence of urea the Ca2+ sensitizing effect of
the original troponin was completely restored. Therefore by using the
above methods the troponin-tropomyosin complex was successfully reconsti-
tuted from its 4 components even in the absence of urea.
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Proposed Course of Research: Having obtained the components of native
tropomyosin in a purified form, we plan to investigate their effect on
the actomyosin system both singly and in various combinations. In this
way by using both kinetic studies and direct binding studies we hope to
gain an understanding of the mechanism of action of the native tropomyosin.

Significance to Bio-Medical Research: This work is aimed at gaining a

better understanding of the basic mechanisms of muscle motility and the
control of this motility, phenomena which occiir not only in skeletal
muscle, but also in such diverse systems as cardiac muscle, arterial smooth
muscle, platelets, and perhaps within all cells where protoplasmic
streaming occurs.

Publications:

None.

^^



Serial No. NIILI- 27

1. Laboratory of Biochemistry
2. Cellular Biochemistry and

Ultrastructure
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Cytology of Acanthamoeba

Previous Serial No,: NHLI-157

Principal Investigators: Blair Bowers
Edward D. Korn

Other Investigator: Thomas E. Olszewski

Project Description:

Objectives: To elucidate the structural basis of biochemical and physiological
events in the soil ameba, Acanthamoeba castellanii . Our current emphasis is

on understanding more about the interrelationships and possible interconver-
sions of internal membrane systems with those of the plasma membrane through
biochemical and morphological studies of endocytosis and through morphological
studies of the membranes with freeze-fracture replication and enzyme cyto-
chemistry ,

Methods employed:
1. Transmission electron microscopy is being used for the study of fixed

and embedded cells .

2. The light microscope with phase contrast and Nomarski interference optics

is being used for the study of living cells .

3. The technique of freeze-fracture replication (also dependent on trans-

mission electron microscopy) is being used for examination of membrane sur-

face morphology

.

4. Radioactive tracers are being used for quantitative studies of pinocytosis
in Acanthamoeba .

Major Findings:
1. As part of our long range objectives to define the functions and physio-
logical properties of the plasma membrane of Acanthamoeba we are continuing
studies of pinocytosis and phagocytosis . The effect of temperature on these
two functions has been examined. No pinocytosis or phagocytosis occurs
below 6°C. Between 9°C and 16°C there is very limited uptake of fluid or

particles and the amount of uptake at 16° is not appreciably increased over
that at 9°. Between 17° and 30°C, however, both pinocytosis and phagocytosis
show an increase in rate vs temperature curves for both pinocytosis and

phagocytosis are virtually identical. The "Qiq" f°^ these processes in the

temperature range from 17° to 30° is around 8.

2, The technique of freeze-fracture replication is at present the only
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technique that allows examination at high resolution of the surface topo-
graphy and internal structure of cell membranes . We have examined the plasma
membrane of Acanthamoeba with the freeze- fracture technique under a variety
of experimental conditions both in intact cells and after isolation and
purification. The fracture plane appears to occur exclusively within the

membrane. The internal and external surfaces of the membrane are revealed
only by subliming away the covering ice (etching)

,

The external surface of the plasma membrane has a characteristic appearance^
but one that is difficult to describe. The surface appears very rough. The
particles and fibrils that create the rough appearance vary in shape and size
and lie so close together that the overlapping shadows make it difficult to

describe each surface unit precisely. The particles and filaments appear to

be present at 5-10 times the density of particles found on the two inner
fracture faces . The outer surface of isolated membranes often show an
additional component not seen on the surface of intact cells, namely, large
filaments that appear to be fibrous actin. The actin, released from cells
during purification procedures, adheres to both surfaces of the isolated
membranes

.

The internal (cytoplasmic) surface of the plasma membrane can be visualized
only in isolated membranes . In intact cells the cytoplasmic components
cannot be removed by etching and therefore obscure the inner surface. In
the isolated membranes the inner surface of the plasma membrane appears
much smoother than the exterior one. It has a few particles and the most
characteristic structure is short filaments slightly smaller in diameter than
the actin filaments

.

The internal structure of the membrane is revealed by two fracture faces,
one facing the outside of the cell (convex) and one facing inside the cell
(concave) . The two faces are not consistently different in Acanthamoeba
plasma membranes. In most other cell types studied so far, the convex and
concave fracture surfaces have different particle densities . In replicas of
membranes of intact Acanthamoeba both surfaces show randomly dispersed
particles and short filaments with a density on the order of 4 particles/ji .

The particles range in size from about 40 A in diameter to about 120 A in
diameter. The smallest of the particles often appear as a line of three.
The filamentous shapes are about 20 x 250 A. In contrast to the outer sur-
face of the plasma membrane, which has the same appearance in intact cells
and in isolated membranes, the fracture faces of intact cells and isolated
membranes are often different . In the isolated membranes fewer filamentous
particles are evident and the particles appear in clumps, usually of 6-12
particles . Large areas of the fracture faces are free from particles .

Significance to Bio-medical Research: Phagocytosis is a major mechanism of
defense against infection and pinocytosis promises a means of therapy in
certain storage diseases in which lysosomal enzjnnes are defective.

Both of these processes take place at high rates in the ameba and can be
easily studied with this organism.
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Surface properties of cells appear to be Important In insnune reactions and
In cancerous cells, thus the study of cell membranes becomes Important In
both onocology and Immunology.

Proposed Course of Research; The biochemical and ultrastructural events of
pinocytosis and phagocytosis will be studied. The ultrastructure of the
plasma membrane will be studied by freese-eteh electron microscopy,

Publications:

B. Bowers and T.E. Olszewski, Pinocytosis in Acanthamoeba castellanii .

Kinetics and Morphology. J. Cell. Biol. 53: (June) 197 2.

€5^



Serial No. NHLI- 28

1

.

Laboratory of Biochemistry
2. Cellular Biochemistry and

Ultra structure
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 197 2

Project Title: Membrane Biochemistry

Previous Serial No.: NHLI-156

Principal Investigators: Edward D. Korn
Dorr G . Dearborn
Edward J. Victoria

Other Investigators: Paddy L. Wright

Project Description:

Objectives: To study the chemical, physical, structural and metabolic pro-
perties of plasma membranes-.

Methods Employed: Plasma membranes are isolated from the amoeba, Acanthamoeba
castellanii , by sucrose gradient centrifugation and subjected to the usual
chemical analyses for lipids, proteins, carbohydrates, and enz3nnes . Membranes
are dissolved in appropriate solvents and proteins and carbohydrates fraction-
ated by gel chromatography and analysed by polyacrylamide gel electrophoresis .

In metabolic experiments the usual radioactive tracer techniques are employed.
Membranes are examined by conventional electron microscopes and by the freeze-
etch technique. Cytochemical methods are used in conjunction with electron
microscopy

.

Major Findings:
1. We have established that the plasma membrane of the amoeba, Acanthamoeba
castellanii , has a relatively simple composition consisting of 16% phospho-
lipid, 87o sterol, 3% glycerides, 377o phosphoglycoproteins and 37% protein.
Two closely related compounds comprise the phosphoglycoproteins and one poly-
peptide of molecular weight 15,000 accounts for 50-60% of the protein. No
other polypeptide accounts for more than a few percent of the protein. Most
if not all of these minor proteins are extracted with Triton X-100 or
deoxycholate leaving behind the major polypeptide and the phosphoglycoproteins,
2. Under some circumstances actin fibrils are co-isolated with the plasma
membrane as a consequence of what may be specific sites of attachment of the
filaments to the membranes

.

3. Cells are agglutinated by concanavalin A demonstrating the localization
of the carbohydrate on the external surface of the plasma membrane.

Significance to Bio-Medical Research: The plasma membrane of animal cells
plays a major role in such cellular processes as transport, pinocytosis, cell
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motility and cell-cell interactions for each of which the amoeba may be a

useful experimental model because of its inherent simplicity. Information
gained by studying the amoeba plasma membrane should be directly applicable
to understanding these problems in all cells.

Proposed Course of Research:
1. Efforts will be continued to isolate and more fully characterize the
major polypeptide and phosphoglycoproteins of the amoeba plasma membrane.
2. Localization of the membrane alkaline phosphatase and phosphoglycoproteins
will be determined by electron microscopic cytochemical techniques.
3. Relative turnover rates of the lipids and proteins of the plasma and mito-
chondrial membranes will be measured to see if the rapid internalization of
plasma membrane through continuing pinocytosis has any biochemical concomitants

Publications

:

Johnson, S.M., Bangham, A.D., Hill, M.W. and Korn, E.D.: Single Bilayer
Liposomes. Biochim . Biophys . Acta 233:820, 1971.

Korn, E .D . and Olivecrona, T.: Composition of an Amoeba Plasma Membrane.
Biochem . Biophys . Res . Comm . 45:90, 1971.

Ulsamer, A.G., Wright, P.L., Wetzel, M.G. and Korn, E.D.: The Plasma and
Phagosome Membranes of Acanthamoeba castellanii . J. Cell Biol . 51:193, 1971.
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1. Laboratory of Biochemistry
2. Cellular Biochemistry and

Ultras true ture
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Study of Motility in Amoeba

Previous Serial No.: NHLI-158

Principal Investigators: Edward D. Korn
Thomas D. Pollard

Other Investigators: Evan Eisenberg
Wayne Kielley

Cooperating Units: NHLI, Laboratory of Biochemistry, Section on

Cellular Physiology

Project Description: To study the biochemical and morphological basis of
movement in the small soil amoeba, Acanthamoeba castellanii .

Methods Employed: Our approach has been to isolate and characterize the
presumptive contractile proteins from the amoeba . We have used standard
methods of protein chemistry to purify two proteins from the amoeba which
resemble actin and myosin, the contractile proteins of skeletal muscle, and
are therefore thought to perform analogous functions in the amoeba. Most of
the current work has focused on characterization of the enz5nnatic properties
of the myosin-like enzjnne from the amoeba using standard assays for ATPase
activity. The purity and size of the purified molecules are determined by
polyacrylamide gel electrophoresis. Preliminary efforts have been made to
visualize in the electron microscope the complex of the Acanthamoeba myosin
with filamentous muscle actin.

Major Findings

:

1. Acanthamoeba myosin: The major problem in studying this protein has been
to devise a reproducible procedure to purify the enzyme . This has been
difficult because the enzyme is labile and accounts for less than 0.5% of the
cell's protein. Nevertheless, it is now possible to prepare highly purified
enzjmie by ion exchange chromatography on DEAE, ammonium sulfate fractionation,
adsorption to agarose and chromatography on hydroxylapatite . The purified
enzyme consists of one major polypeptide chain with a molecular weight of
about 130,000 associated with two small polypeptide chains with molecular
weights of about 15,000. Thus the Acanthamoeba myosin is considerably smaller
than myosin from muscle cells (MW 460,000), platelets (about 460,000) and
slime mold (about 460,000) . In contrast to muscle and platelet myosin, the
Acanthamoeba myosin is soluble in dilute buffers like the slime mold myosin.

^g



Serial No. NHLI-29

The Acanthamoeba myosin has ATPase activity with properties that closely
parallel those of muscle myosin under a variety of conditions

,
^ Especially

significant is the strong inhibition of ATPase activity by Mg at concentra-
tions which one would expect to find in the cell. Preliminary experiments
have shown that, like muscle myosin, the ATPase activity is destroyed by
treatment of the Acanthamoeba myosin with the sulfhydryl reagent N-ethyl
maleamide, but that ATPase activity is not sensitive to treatment with
diisopropylflourophosphate . An amino acid analysis of one preparation of
Acanthamoeba myosin failed to detect any of the unusual methylated amino
acids found in some types of muscle myosin - 3-methyl histidine and methylated
lysines

.

2. Interaction of Acanthamoeba myosin with muscle actin: Actin strongly
activates the Mg-ATPase activity of partially purified preparations of

Acanthamoeba myosin, but after hydroxylapatite chromatography the purified
enzyme is no longer activated by actin. We have found that this is due to

the separation of the Acanthamoeba myosin from another protein which we call
the cofactor. The cofactor is required for actin to activate the Acanth -

amoeba myosin Mg-ATPase. Because it is likely that the complex of Acanthamoeba
myosin and actin is the functional form of the enzyme in the cell, the cofactor
may be important in regulating their interaction and hence the movement of

the cell. The cofactor is unique and has not been described in other motile
systems. It is thought to be a protein because it is non-dialyzable, is

inactivated by heat, elutes from DEAE columns as a single peak of activity
at a salt concentration of 0.1 M, and appears to have a molecular weight of

about 60,000 in gel filtration experiments. The cofactor has not been puri-
fied completely, but partially purified preparations consist of only a few
polypeptide chains on SDS-polyacrylamide gel electrophoresis, with the major
protein having a molecular weight of about 40,000. The ATPase activity of

the Acanthamoeba myosin-cofactor complex with muscle actin is not affected
by the presence or absence of Ca ; any factors which modulate the activity
of the complex in the amoeba remain unknown. Preliminary attempts to vis-
ualize the complex of Acanthamoeba myosin with filamentous muscle actin by

negative staining and electron microscopy have failed to show the polarized
arrowhead-shaped complexes along the actin filaments which are typical of the
actin - myosin complex from other cells ,

3. Interaction of Acanthamoeba myosin with muscle tropomyosin-troponin complex:
Earlier work in this laboratory by Eisenberg and Weihing had demonstrated
that Acanthamoeba actin forms a functional complex with the muscle tropo-
myosin-troponin complex - the calcium sensitive regulatory proteins from
skeletal muscle. It was, therefore, of interest to determine what effect the

tropomyosin- troponin complex would have on the activation of the Acanthamoeba
myosin-cofactor complex by muscle actin. Tropomyosin- troponin complex inhibits
the actin activation of the Acanthamoeba myosin-cofactor complex in both the

presence and absence of Ca , in contrast to its effect on the muscle myosin-
actin Mg-ATPase where it inhibits activity only in the absence of Ca . The
reason for this difference has been investigated using purified tropomyosin
and troponin components prepared by Drs . Eisenberg and Kielley. Tropomyosin,
troponin I and troponin C all function normally in the hybrid system of

muscle actin and Acanthamoeba myosin-cofactor complex, but troponin T inhibits
troponin C in both the presence and absence of Ca'^. This differs from the
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muscle actin myosin system where troponin T inhibits troponin C only in the
absence of Ca"*"*". This suggests that the Acanthamoeba myosin-cofactor complex
lacks some property of muscle myosin which is required for the normal func-
tion of troponin T.

Significance to Bio-Medical Research: The understanding of how non-muscle
cells generate and control the forces which make them move is fundamental to
understanding such vital biological processes as phagocytosis, clot retraction,
cell division, morphogenesis, cancer metastases and movement of material
within cells such as cytoplasmic streaming and axoplasmic flow. We have
chosen to study this problem in the amoeba because the cell is quite motile
and pure cultures of the cell are available in essentially unlimited amounts,
making the biochemical studies described above possible.

Proposed course of Research: This project will probably be discontinued.

Publications

:

Stossel, T., Pollard, T.D., Mason, R. and Vaughan, M.: Isolation and Pro-
perties of Phagocytic Vesicles from Polymorphonuclear Leucocytes. J. Clin .

Inves . 50:1745, 1971.

Adelstein, R.S., Pollard, T .D , and Kuehl, W.M.: Isolation and Properties of

Myosin and Two Myosin Fragments from Human Blood Platelets. Proc .. Nat . Acad .

Sci. 68:2703, 1971.

Stossel, T,, Mason, R., Pollard, T .D . and Vaughan, M. : Isolation and Pro-
perties of Phagocytic Vesicles. II. Alveolar Macrophages. J. Clin . Inves .

51:604, 1971.

Weihing, R.R. and Korn, E .D . : Acanthamoeba Actin: Composition of the
Peptide that Contains 3-Methyl Histidine and a Peptide that Contains
£ -N-Methyl lysine. Biochemistry . 11:1538, 1972.

Pollard, T.D.: Progress in Understanding Amoeboid Movement at the Molecular
Level. _In The Biology of Amoeba, K. Jeon, ed . Academic Press, Inc., N.Y.,
1972. Chapter 9.
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ANNUAL REPORT OF THE
LABORATORY OF CHEMISTRY

NATIONAL HEART AND LUNG INSTITUTE
July 1, 1971 through June 30, 1972

During the previous year the Laboratory of Chemistry has carried out
structural investigations on a wide variety of biochemicals ranging from the
"Cord factor" to defensive secretions of Chrysomela larvae. Our approach is

the same as outlined last year: mass spectrometry and nmr are the most heavily
used techniques backed up by our newly acquired X-ray crystallography facility.
In general the approach has been successful, but the important area of lipids
is only partially amenable to these techniques due to their high molecular
weight and the variability of the fatty acids involved. New approaches will
be necessary; electron spectroscopy is a possibility but the technique is

still not capable of useful resolution. Nearly all of the Laboratory's heavy
instrumentation has now been computerized with mini-computer systems. Thus,
infrared and nmr are both run and data processed by one computer, the X-ray
diffractometer likewise by a second computer and one of our mass spectrom-
eters (Finnigan) by a third. A fourth computer, purchased for processing data
from the high resolution mass spectrometer has not been successful in this

application (finally bought at a reduced price) so we have written programs
enabling it to be used to process data from our heavily used LKB gas chromato-
graph-mass spectrometer. Efforts are still underway to make it work in the
former application.

Because of these computer functions, our ties with the Division of

Computer Research and Technology are stronger than ever and we lean heavily on

them for support in purchasing advice (they have provided the bulk of our funds
for two mass spectrometry systems) and more so in programming modifications.
We are also involved in their artificial intelligence (learning machine)
program and their file search system developed by S. Heller (DCRT) has proved
invaluable in identifying unknowns rapidly.

Dr. Silverton has completed organization of our X-ray diffraction
facility and reports that after some minor difficulties all of the equipment
is functioning very well and this will represent a new direction in our

activities. Similarly the Fourier-transform nmr, analyzing natural abundance
^•^C, enables each carbon of a new compound to be pinpointed on a chart and

extensive use of this technique is anticipated.

The past year of experience in chemical ionization mass spectrometry has

been rewarding enough to justify completely our exploration of this several

years ago. The equipment is now regarded by most investigators as being an
essential feature of new mass spectrometry equipment. We are now taking

another plunge in the area of "f ield-desorption" mass spectrometry which, on

the basis of information from one laboratory in Germany should allow us, for

the first time, to obtain spectra on non-volatile compounds. The modifica-
tions are being designed and built by our Instrument Shop.
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Work continues in the area of insect pheromones and defensive secretions

because of their inherent interest as insect communicating media and especial-

ly because they provide excellent tests of the sensitivity and utility of our

methodology.

Our laboratory will shortly suffer a blow on the retirement of our

secretary, Mrs. Ada Madigan, the first permanent member of our group to leave
since its inception.

In the past year members of the laboratory, either alon'e or in collabora-
tion with others, have:

1. Completed the software package for processing data from the LKB-GC-MS
mentioned last year. Mass spectra may now be accumulated and plotted automa-
tically or referred directly to the PDP-10 in DCRT for further processing and
filing. Great savings in time and effort are the direct result on this, our
most heavily used instrument.

2. Chemical ionization studies have been carried out on glycerides.
Structures of mono-, di- and triglycerides can be obtained and 1,2- and 1,3-

diglycerides can be distinguished from each other if both are available.

3. A Finnigan GC-MS-computer system has been acquired (as predicted last
year) and evaluated in applications to phenyl thiohydantoins from the Beckman
Sequenator (B. Brewer, NHLI), rapid drug overdose identification (N, Law,
Suburban Hospital), and the analysis and identification of tyramine, DOPA,
etc. at the 10-100 ng level in CSF. Problems of sample handling remain, but
the ms system functions excellently for such analyses.

4. Completed studies on anchimeric assistance, a process revealed easily
by chemical ionization, and of great utility in distinguishing isomers by mass
spectrometry.

5. Completed the X-ray structural analysis of the mold metabolite
corticium (U. Weiss, K. Weisgraber, NIAMD) using c en trosymmetrical symbolic
addition programs developed last year.

6. Carried out a CIMS study of the streptomycin-like antibiotics, the
sisomycins and gantamycins to aid in their structural elucidation (Schering
Corp. N.J.).

7. Elucidated the structure of camphorquinone by X-ray methods, using
the process of acentric symbolic addition developed the previous year. Bond
distance and angles have been compared with those theoretically predicted and
the theory has been modified accordingly (E. Charney, NIAMD),

8. Completed the X-ray structure of astrocasine hydrobromide revealing
that previous results were inaccurate due to a case of mixed crystall inity.
Present results (R = 4%) are extremely accurate and indicate the high pre-
cision available from our diffractometer.
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9. Determined the intermolecular distance in liquid cholesterol (6.2 K)

and ascertained that it is unlikely that cholesterol exists in liquid-like
aggregates in lecithin-cholesterol bilayers (N. Gershfeld, NIAMD).

10. Developed a technique for the analysis of caffeine and uric acid
metabolites in body fluids using IR, UV, GC and MS methods, and used the

technique to identify the previously unknown metabolites 1 ,3,7-trimethyldi-
hydrouric acid and 3,6,8-timethylallantoin (K. C. Klanna and H. H. Cornish
(Univ. of Michigan)

.

11. Completed the structural analysis of agaricusterol (from mushrooms).
It contains a A 13,17 double bond and is a "missing link" in steroid bio-
genesis .

12. Solved the structures of pyridyl-styrene photodimers using exclusive-
ly 13c nmr and symmetry considerations. Chemical methods had proved useless
(R. Lyle, Univ. of New Hampshire).

13. Developed a computer program (limited to acyclic hydrocarbons) pre-
dicting 13c nmr chemical shifts directly from structures drawn on a Rand
tablet (S. Heller, DCRT)

.

14. Discovered a new example of a remarkably facile enol-keto tautomerism
(3, 5-di pyrrol idinophenol ) using 13c nmr.

15. Completed studies of an unusual intermolecular hydride transfer
reaction in the interaction of two acridine derivatives.

16. Using GC-MS identified 5 isomeric monoterpene hydrocarbons likely
responsible for the respiratory and eye irritations noted near "Florida Holly"

(Schinus terebinthifolius ) . This shrub is a great annoyance to many indivi-
duals in middle to southern Florida. In addition, this plant source, gladly
supplied to us in quantity by botanists in Florida, contains a series of
interesting flavonoids. One has been characterized as tetrahydroamento-
flavone.

17. Identified a mixture of triterpene-3-ols and their acetates found in

the waxy covering of Benincasa hispida (Chinese winter melon) as isomulti-
florenol and its acetate as well as multiflorenol and glutinol . The former
was not known to be a natural product. Interestingly, a related melon

( Benincasa cerifera ) obtained from India contained approximately the same
compounds present as the former, grown in Kansas.

18. Identified g-phenylethanol esters of 2-methyl butyric and isobutyric
acid as the defensive secretion of Chrysomela larvae, an alder pest of the
south.

19. Identified about 20 compounds in the alarm-defensive secretion of

Drusilla ants, including tetradecadienol acetate, tridecene, benzaldehyde,
toluoquinone, and methoxytoluoquinone.

20. Identified the alarm secretion of the carpenter ant (Camponotus ) as
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being composed of a mixture of the methyl esters of anthranilic acid and
6-methy1salicyc1 ic acid (acetate-derived) and free 2-methylheptenoic acid.

21

.

Elucidated the structure of the alarm-defensive secretion of the
Manica mutica ant as 4,6-dimethyl-4-octene-3-one, exclusively by GC-MS and
synthesized it by a one-step procedure.

22. Determined the structures of components of the defensive secretion
of Rove beetles ( Staphylinidae ) (J. Wheeler, on sabbatical leave with us from
Howard Univ.) .

23. Elucidated the structure of a novel norsesquiterpene used as a

defense secretion of the Whirl-i-gig beetle, Dineutes discolor (J. Wheeler,
Howard Univ.) .

24. Identified the structures of the alarm pheromones >of the Azteca ants
(J. Wheeler, Howard Univ.).

25. Correlated CI mass spectral fragmentation of aminocholestanes with
their boat-chair conformations (P. Longevialle, Univ. of Gif).

26. Unequivocally identified the carcinogen isolated from samples of corn
oil by H. Kaunitz (Columbia Univ.) as dimethyl nitrosamine using GC-MS.
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A Study of Organic and Bio-organic Systems by

Magnetic Resonance.

NHL I 249

E. A. Sokoloski, B.S.

None

None

Projects begun during 1972 include:

1. In collaboration with Drs. H. A. Lloyd and R. J. Highet of this

laboratory, a study of carbon-13 nuclear magnetic resonance of piperidines and

a piperidine containing alkaloid, astrocasine, isolated by Dr. Lloyd was

commenced. The work to date has been primarily concerned with obtaining C-13

spectra by Fourier Transform techniques of model compounds and of the alkaloid.
Expectations are that complete analysis will give correlation of stereo-
chemical data of the compound in solution with previous X-^ray data of the

crystal form. Presently a very limited quantity of such C-13 magnetic
resonance data is available in the literature.

2. In collaboration with Drs. H. Yeh and K. Kirk (NIAMD) a carbon-13
magnetic resonance study of fluoroimidazoles was commenced. C-i3 spectra of

this class of compounds should give information on the electron densities at

the various carbon atoms. It is well known that the selectivity and reactivity
at various sites is directly related to this parameter. Since imidazole it-

self is a constituent of many important biological compounds, correlations
derived from this study may be applicable in experiments of larger molecules
containing the imidazole moiety. The study is being carried out using the

recently acquired Fourier transform system with spectra being obtained at

various pH values.

3. In collaboration with Dr. J. Griffin (NIAMD) a phosphorus magnetic
resonance study of the Ribonuclease-UPCA complex was commenced, the goal being

to determine whether the histidine residue donates a proton to the phosphoryl

f^-



Serial Mo. NHLI-30

oxygen of UPCA. Since the di nucleotide UPCA is an inhibitor of ribonuclease,
this study could gain information on the mechanism of the inhibitor action.
Phosphorus being a nucleus whose chemical shift is sensitive to charge on
neighboring atoms offers an excellent probe for such studies.

PK 'b 6,
>•

4. A Carbon-13 study of porphyrins in collaboration with Dr. R. J. Highet
of this laboratory and Dr. C. Storm of Howard University is presently in

progress. It is hoped that the C-13 data obtained will enhance the structural
correlations of carbon resonance shifts presently available on this class of
compounds.

5. In collaboration with Dr. M. Taylow (NCI) a study of phosphate sugars
has been started. Dr. Taylor has found that the primary phosphate sugar
product from chemical synthesis and enzyme reaction is not identical. This
suggests that phosphate migration is taking place. Since phosphate substitu-
tion leads to different degrees of enzyme inhibition, it becomes mandatory to
define the position of substitution and the percentage of each isomer present.
Phosphorus magnetic resonance offers one possibility of defining these unknowns.
I

Honors and Awards: None

Publications:

C. Storm, Y. Teklu, E. Sokoloski: "N-H Tautomerism in porphyrins and
chlorines". Proceedings Nat. Acad, of Science, New York, in press, 1972.
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Principal Investigator: R. J. Highet, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

I. C-13 NMR Spectra : In collaboration with Mr. E. A. Sokoloski of this
Laboratory, studies utilizing the newly installed Digilab Fourier Transform
apparatus have been initiated. Early studies have demonstrated the value of

the large memory provided by the disk system, making it possible to obtain a

single spectrum over the entire range of C-13 resonances, retaining resolution
better than 1 hz.

1. In collaboration with Professor R.E. Lyle of the University of New
Hampshire, the product of the photolytic dimerization of a-pyridyl styrene
methiodide has been studied. Of the two products produced by the pyrolysis
of the original photolytic dimer, the isomer B possesses a C-13 nmr spectrum

t
A

Me I

uniquely demonstrating its stereochemistry. That of the isomer A could corres-
pond to any symmetrical dimer, but analysis of the complex proton nmr spectrum
demonstrates the cis-trans arrangement shown.
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2. The taotomerism of 3,5-dipyrrolidinophenol with the correspond-
ing dieneone has been shown to be remarkably facile, either form existing in
appropriate solvents. Proton spectra had earlier been reported to demonstrate
that only the aromatic form I exists, but C-13 spectra show clearly the
existence of the carbonyl carbon andalicyclic carbon of II.

3. In collaboration with Dr. H. A. Lloyd of this Laboratory, a study
of alkaloids containing piperidine rings has been initiated to aid in the
characterization of this group of materials, and to learn just how useful it
will prove to be to have a close knowledge of chemical shifts of a specific
system.

4. In collaboration with Dr. Stephen Heller of DCRT, a program has
been developed which enables one to obtain predicted chemical shifts directly
from structures drawn on a Rand tablet. The program is limited at present to

acyclic hydrocarbons.

II, High temperature studies on dihydropyridine systems : An unusual
intermolecular hydride transfer has been observed in the interaction of the
two acridine derivatives II and IV to produce the disproportionation products
V and VI.
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Future Course of the Project:

1. Studies of the C-13 spectra of organic compounds will continue to

develop the utility of this promising aid to the characterization of natural

materials.

2. The characterization of a short-lived intermediate in the enzymatic

transformation of phenyl alanine is planned in collaboration with Drs.Carlyle

Storm and Seymour Kaufman, to explore the utility of Fourier transform

spectrometry for the study of proton spectra of dilute solutions.

3. The analysis of the complex spectra of glycerides at various

solvents will be undertaken in hopes of determining the preferred conformation

of these materials in solution.

Honors and Awards: None

Publications:

Highet, R. J., and Biellmann, J. F.: The thermal transformations of two

tetrahydroacridandione carboxyl ic acids. J. Org. Chem. In press, 1972.
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1. Schinus terebinthifolius ("Florida Holly").

a) Terpenes . In addition to the 2 triterpene acids previously
isolated and characterized the more volatile components of the hexane extract
of the seeds were investigated. These components are probably responsible
for the respiratory and eye irritations attributed to the trees.

Six constituents of the oil were identified by combination gas chroma-
tography and mass spectrometry : 5 isomeric monoterpene hydrocarbons
(a-pinene, A3-carene, a-phellandrene, limonene, B-phellandrene) and the
aromatic p-cymene. An unidentified sesquiterpene hydrocarbon (mw 204) is also
present.

b) Flavanoids . More polar materials extracted from the seeds with
methanol were identified as a mixture of flavanoids. The principal constitu-
ent was shown to be a new biflavanone (I) and characterized (nmr, mass
spectrum, dehydrogenation) as tetrahydroamentoflavone. The minor constituents
appear to be a flavone-flavanone (probably a dihydroamentoflavone) and a

variety of methylated tetrahydroflavanones.

HO^
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2. Benincasa hispida ("Chinese winter melon", "white melon").

At maturity the fruit (oblong 1-2 ft by 1/2 ft) is covered with a

while waxy substance which apparently acts as a preservative -

a) Melon cultivated in Kansas . The white substance was identified as

a mixture of pentacyclic triterpen-3-ol s and their corresponding acetates.

One constituent isolated in pure form is isomultiflorenol previously obtained
by double bond isomerization of multiflorenol but never found in nature.

Mul tiflorenol is also present.

b) Melon from India . (Benincasa cerifera). Examination by GC-mass

spec revealed that it contained much of the same materials, although the

alcohol predominated over the acetates. Isomultiflorenol, multiflorenol, and

glutinol were characterized.

3. Extracts of Termite heads .

These termites were feeding on pine or sycamore trees. They were
investigated by gc-mass spectrometry. Contrary to expectations only the
termites feeding on sycamore wood were found to contain g-pinene. Both

extracts contained two as yet unidentified sesquiterpene hydrocarbons (mw 214)

and a sesquiterpene ketone (mw 218, orange 2,4-DNP, mp 204° mw 398). Other
species of termites from India did not yield terpenes.

4. C-13 nmr spectra of piperidines .

In collaboration with Mr. E. S. Sokoloski and Dr. R, J. Highet, an

investigation of the C-13 nmr of astrocasine and derivatives of other
piperidine alkaloids and of simple methylated piperidines has been initiated.
This study, hopefully, will add to the scant information presently available
on the C-13 nmr shifts in such systems.

Honors and Awards: None

Publications:

Lloyd, H.: Alkaloids of Astrocasia phyllanthoides III. Astrocasine and

N-methylastrophylline. An. Real Soc.Espan.Fis. Quim. Ser. B. In press

1972.

Lloyd, H.A., and Fales, H.M.: Isolation and characterization of alkaloids.

In D. B. Denny (ed) Methods and Techniques of Organic and Organo-

Metalic Chemistry. Marcel Dekker, New York, N.Y. In press 1972.
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Project Description:

A. Continuation of previous work

1. Theoretical treatment of acentric symbolic addition mentioned in

the last report has been successfully applied to the intractable problem of
camphor quinone. The results indicate torsion angles correct in sign but
less in magnitude than predicted. Theoretical work to calculate errors in

measured angles proved necessary and is in progress.

2. Centrosymmetrical symbolic addition programs which were being
developed last year were successfully applied to the mold metabolite
"cortisin". The programs should be of general application. Although
"cortisin" was shown by the X-ray work to be a derivative of a known mold
metabolite, leucothelephoric acid, the results are useful in that they are
consistent with chemical work on the Thelephoraceae and the structure
represents the most accurate study to date of a dibenzo furanoid compound.
(R = 5%).

B. Installation and testing of Nonius X-ray Diffractomerer .

Installation completed December 1971. Some "teething problems" were d

fairly rapidly eliminated. Programming to process output on the computer had

been drafted but testing required actual machine output. The processing
programs have been tested and work successfully.

The company supplied control programs were evaluated critically and
the evaluation was presented at a Users Meeting in Pittsburgh (February, 1 972)

.

(
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There was general agreement with other users on desirable changes and Nonius
promised the necessary programming. As of the present date about one quarter
of the promised changes has been received.

C. Use of diffractometer .

The diffractometer appears easy to use and in general has confirmed
expectations of its capabilities.

1. The first stages of refinement of the alkaloid astrocasine. HBr
indicated that some values were less accurate than had been expected. By the
use of the diffractometer the problem was traced to a subtle case of mixed
crystallinity. Crystals prepared to eliminate the problem were used to collect
diffractometer data. The present results (R = 4%) are \/ery satisfactory and
indicate the precision of the diffractometer. The structure is as accurate
as has ever been obtained for a compound of this type.

2. An antituberculosis drug supplied by Dr. R. Robinson of Johns
Hopkins Medical School has been investigated (with Dr. T. Akiyama) to confirm
its structure and hopefully to suggest its mode of action. A full set of data
has been collected and structure solution is in progress. The crystal, as is

common it seems, is a DMF solvate and we are becoming experts on this class
of compounds and also experts on manipulation and mounting of crystals in
capillaries.

3. Propellanes, i.e ., compounds possessing three rings with a common
side, are of considerable theoretical interest with regard to the length and
strength of the common bond. A 4:2:2 propel lane obtained from Dr. P. Eaton
of the University of Chicago is being investigated with a view to a full
structure determination (with Dr. G. W. Milne). Rather accurate C-ray data
will be required and it is expected that the diffractometer will be more than
adequate.

4. Preliminary work was carried out on a photodimer obtained from Dr.

H. Ziffer, but the crystals were \/ery small and it has been decided to attempt
to make larger ones since the project doesn't justify spending several months
on data collection.

5. The scattering from liquid cholesterol was investigated, with Dr. N.

Gershfeld (NIAMD), and the results indicated that it is unlikely that choles-
terol exists as liquid-like aggregates in lecithin-cholesterol bilayers. The
intermolecular distance of cholesterol was measured as 6.2A, a result not
known previously.

Honors and Awards: None
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Publications:

Beisler, J., Silverton, J. V.: The crystal and molecular structure of

symmetrical cedrone, a dimeric oxidation product of trimethylphloro-
glucinol. Acta Cryst. B 28 : 298-304, 1972.

Cannon, J. F., Daley, J., Silverton, J.V.^ Boyd, D. R., and Jerina, D.M.:

Crystal and molecular structure of cis-2-isopropyl 3(4-nitrophenyl

)

oxaziridine. J. Chem. Soc, Perkin Trans. II. In press, 1972.

Weisgraber, K., Weiss, U., Milne, G. W. A., and Silverton, J.V.: Isolation
and X-ray crystal lographic identification occurrence of the hexamethyl
ether of leucothelephoric acid, a metabolite of Corticium caeruleum
(Basidiomycetes). Phytochemistry 1_1_: 0000, 1972.
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Cooperating Units:

Project Description:

I. Mass spectrometric identification of methylxanthimes and methyluric
acids, the possible metabolites of caffeine.

A rapid and direct mass spectrometric method for the identification
of caffeine and its fifteen possible metabolites formulated as tri-, di-,

and monomethylated derivatives of xanthine (I) and uric acid (II) has been
developed. With the exception of uric acid and its 7-methyl derivative, the

R—

molecular ion itself was found to be the base peak in the mass spectra of all
the compounds studied. Fragmentation mechanisms along with the relative
intensities of the major fragments and data on metastable ions useful in the
identification of these compounds have been recorded. This mass spectrometric
method has been successfully employed in the identification of caffeine
metabolites in rat urine-
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n. Metabolism of caffe1ne-^H in the rat (with Dr. K. L. Khanna and Dr .

H. H. Cornish. The University of Michigan)!

The methodology for the unequivocal identification of caffeine and
its 15 possible metabolites (seven mono-, di-, and tri-N-demethylated products,
uric acid and seven mono-, di-, and tri-j^-methyluric acids) based on TLC, IR,
UV, and mass spectrometry, has been developed. Upon i.p. administration of
caffeine-3H (14 yc/kg) to the rat, 64 to 67% of the radioactivity was
recovered in the urine over a period of 24 hr. The chloroform-methanol (9:1)
extract of the urine accounted for about 33% of the administered radioactivity.
With the aid of preparative TLC, 8.8% of unchanged caffeine and the following
metabolites were isolated from the chloroform-methanol extract: theophylline
(0.9%), theobromine (3.9%), paraxanthine (6.8%), metabolite A (11.4%),
metabolite B (1.3%) and trace quantities of 1 ,3,7-triniethyluric acid and 3-
methyluric acid.

III. Identification of the unknown metabolites of caffeine in the rat .

The major metabolite A (11.4%) in the chloroform-methanol (9:1)
extract of rat urine appears to be a polar compound which we have tentatively
identified as 1 ,3,7-trimethyldihydrouric acid (III). In solution the dihydro-
uric acid III appears to be in equilibrium with its open chain N-formyl

CH3

CHj-jT

Jl

'">
(A

CHo
H

f"3

CH3-N

1

~^NH-C-H

^"3

(HI) (IV)

analog IV. Compound III readily dehydrates to caffeine under TLC, GLC, and
mass spectrometric conditions. The structure assignment has been made
primarily on the basis of mass and NMR spectral analysis of the metabolite and
its trimethylsilyl derivative . The metabolite B (1.3%) has been identified
as 3,6,8-trimethylanantoin ((V) on the basis of its mass spectrum. It is

N-CH3

^ H l» «
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interesting to note that both electrochemical and photochemical oxidation of

caffeine also leads to the formation of trimethylallantoin.

IV. Structure of agaricusterol .

We have now established the structure of agaricusterol which we

recently isolated from the fungus, agaricus albus . Structure VI has been

assigned to this new sterol based on mass, NMR, and ORD spectra of the parent
alcohol as well as a number of its chemical degradation products. The un-

usual feature of this novel sterol is the presence of 13, 17 double bond.

CHc

Honors and Awards: None.

Publications:

Khanna, K. L., Rao, G. S., and Cornish, H. H.: Metabolism of caffeine-^H in
the rat. Proc . Soc. Toxicol ., 11, 11 (1972).

Kapadia, G. J., Hussain, M. H., and Rao, G. S.: Mescaloxylic acid and
mescaloruvic acid, the novel amino acid analogs of mescaline in peyote.
J. Pharm. Sci

.

, in press, 1972.

Rao, G. S., Sinsheimer, J. E., and Mcllhenny, H. M.: Structure of gymnamine,
a trace alkaloid from Gymnema sylvestre leaves. Chem . Ind . (London). In
press, 1972.
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Project Description:

The chemical ionization of PTH derivatives from peptides is now being
handled by a specially constructed computerized quadrupole GC-MS on a fairly
routine basis. Future efforts will be directed toward further data reduction
and liquid sample introduction.

A field-desorption source has been designed for the MS-9 mass spectrom-
eter and is now under construction in the Biomedical Engineering shop. It
should allow spectra to be determined on totally involatile compounds.

A new gas chroma tograph system has been designed which should allow GC
eluates to be admitted to the Fourier-Transform infrared system. This combina-
tion should allow us for the first time to obtain infrared spectra on GC
eluates.

A commercial pyrolysis system has been modified for use with the LKB
GC-MS allowing us to obtain pyrolysis spectra simultaneously with mass spectra.

On a consultant basis, considerable time has been spent in aiding
Suburban Hospital in their acquisition of a mass spectrometer for emergency
drug identification. They have selected the Scientific Research Industries ^

chemical ionization quadrupole and this should be delivered in June, alleviat-
ing their pressure on our LKB.

A device has been designed to allow the preparation of small quantities
of distilled diazomethane without actually resorting to distillation. It is

now available commercially (Kontes Glass Company).

{
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The constituents of many insect attracting and alarm substances have

been studied (Drs. M. Blum and J. Brand, Univ. of Georgia). The structures
of the Chrysomela attractants were found to be 6-phenylethanol esters of iso-

butyric and 2-methyl butyric acids. The Drusilla alarm pheromones included

benzaldehyde, quinone, hydroquinone, methoxy- and methylquinones as well as a

series of unsaturated alcohol acetates all of whose structures were worked

out using GC-MS alone. The Manica ant contained in its mandibular gland an

alarm substance found to be the previously unknown 4,6-dimethyl-4-octene-3-

one. Its structure was solved by MS along and it was subsequently synthesized

in one step from diethyl ketone and 2-methyl butyraldehyde. The Spinipes ant
alarm substance has been found to be 3-heptanol and current work on the
carpenter ant (Carpobrotus ) indicates that its odd odor is due to methyl

anthranilate(grape essence) and methyl 6-methylsalicyl ic acid, a compound
based on acetate biosynthesis but never before found in animals.

A compound isolated from urine of cancer victims, but also present in

trace quantities in normals is under investigation. It is an unknown hydro-

uric acid but its complete structure must be solved by X-ray. Its biological

significance is unknown (C. Levy, NCI, Baltimore).

Metabolites of acetanilide (E. Weissburger, NCI) have been found to

have the 4-hydroxy-3-mercapturic acid structures not predicted by current
theories of arene behavior.

Honors and Awards: None

Publications:

Fales, H.M., Milne, G.W.A., and Nicholson, R.S.: Chemical ionization mass
spectrometry of complex molecules. VIII. Esters of di- and tricarboxylic
acids. Anal. Chem., 43, 1785-9, 1971.

Fales, H.M.: Techniques for studying drug biotransformation, isolation and
identification procedures - spectral methods. In L. Way (ed.) Funda-
mentals of Drug Metabolism and Disposition. Williams and Wilkins Co.,
Baltimore, Md., 1971, Part Three, pp. 437-57.

Lloyd, H. A., and Fales, H.M.: Isolation and characterization of alka-
loids. In D. B. Denny (ed) Methods and Techniques of Organic and Organo-
Metalic Chemistry . Marcel Dekker,New York, N.Y. in press 1972.

Guarino, A.M. and Fales, H.M.: Gas Chromatography-Mass Spectrometry. In
B.B. Brodie and J.R. Gillette (eds.) Handbook of Experimental Pharmacology

New Series, Vol. XXVIII/2, Springer-Verlag, New York, 1971, pp. 178-208.

Beggs, D., Fales, H.M., Milne, G.W.A., and Vestal, M.L.: A chemical
ionization mass spectrometer source. The Review of Scientific Instru-
ments 42, 1578-84, 1971.
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Milne, G.A. A., Fales, H. M., Axenrod, T.: Identification of dangerous
drugs by isobutane chemical ionization mass spectrometry. Anal. Chem. 43:

1815-20, 1971.
"

MacConnell, J. G., Blum, M.S., and Fales, H.M: The chemistry of fire ant
venom. Tetrahedron 27^, 1129-30, 1971.

Spectrometrie de massepar ionisation chimique de I'holacurtine et des ses
derives. C.R. Acad. Sci., Paris, Ser. C, 273_: 1533-1535, 1971.

Law, N. C, Fales, H. M. and Milne, G.W.A.: Identification of drugs taken
in overdose cases. Clinical Toxicology 56^, 17-26, 1972.

Brand, J.M., Blum, M. S., and Fales, H.M.: Fire ant venoms: Comparative
analyses. Toxicon, In press 1972.

Fales, H. M., Milne, G. W. A., Pisano, J. J., Brewer, H. B. Jr., Blum, M.

S., McConnell, J. G., Brand, J., and Law, N. C: Biological applications
of electron ionization and chemical ionization mass spectrometry. Recent
Progr. Horm. Res. 28, 0000, 1972.

Fales, H. M., Blum, M. S., Crewe, M., and Brand, J.M.: Alarm pheromones in
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Studies of the use of mass spectrometry in the biomedical area have
continued and in particular, the possibilities of chemical ionization mass
spectrometry have been explored in several different problems.

A chemical ionization quadrupole mass spectrometer has been purchased
and installed in the Laboratory of Chemistry. This machine, which was built
to a design arrived at after lengthy discussions between engineers of the
Finnigan Corporation and members of the Laboratory, is computer controlled,
has automatic data acquisition and processing capabilities and can be operated
in electron ionization or chemical ionization modes. Samples may be admitted
to the ion source either by a direct probe or via a gas chroma tograph. The

mass spectrometer was installed in January, 1972 and has worked perfectly
since.

The above system has been used to study the feasibility of drug
identification by the chemical ionization mass spectrometry of crude biological
extracts without the need for the time-consuming gas chromatographic step
previously used. This approach works so well that a similar machine has now
been purchased by the Suburban Hospital for their own use in this area.

The chemical ionization mass spectra (CIMS) of series of streptomycin-
like antibiotics, the sisomicins and the gentamicins, have been studied and
found to be of considerable value in the structure determination of these com-
pounds (with P. Daniels, Schering Corp.).

A lengthy study of the CIMS of lipids has been embarked upon and some
interesting results have been obtained. Mono-, di- and triesters of glycerol

and fatty acids such as stearic acid give CIMS which permit measurement of the
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molecular weight of the material and in some cases, where both isomers are
present, they may be distinguished from each other and identified. It
further appears (R. Foltz, Battel le, Columbus, Ohio) that phospholipids such
as lecithin give protonated molecular ions (probably rearranged) in CI and
this observation may be of great importance in the future application of CI to

this area.

The structure of corticin, a fungal metabolite, was established with
the help of a combination of high resolution mass spectrometry, nmr and X-ray
diffraction techniques. The simultaneous application of these three powerful
techniques to this problem resulted in its rapid solution (two months) and
examplifies what we hope will prove to be a useful general approach to problems
of this sort.

It has been observed that anchimeric assistance is of some importance
in CI mass spectrometry. Thus the behavior of a given functional group follow-
ing its protonation is heavily dependent upon the nature and position of
neighboring groups. It has been shown that the CIMS of ortho-disubstituted
aromatic compounds differ considerably from those of the meta- and para-
isomers and this difference may be the basis of a method for distinguishable
aromatic isomers by mass spectrometry - a problem previously considered
insoluble.

The CIMS of a series of biologically important amines such as tyra-
mine, ephiephrine, dopamine and so on have been measured. These compounds
give \/ery satisfactory CIMS which permit their unequivocal identification.
Such materials can presently be identified and quantitated in biological fluids
at the 10-100 ng level. There is reason to believe that this sensitivity can
be increased at least by one order of magnitude and work to this end is in
progress.

The editing of a book entitled "Mass Spectrometry, Techniques and
Applications" was completed as was the writing of one of the chapters in the
book. Publication of the 500 page volume was in January, 1972.

Honors and Awards: None

Publications:

Weisgraber, K., Weiss, U., Milne, G. W. A., and Silverton, J.V.: Isolation
and X-ray crystallographic identification occurrence of the hexamethyl
ether of leucothelephoric acid, a metabolite of Corticium caeruleum
(Basidiomycetes) . Phytochemistry, Vol. 4, 0000, 1972.

Law, N. C, Fales, H. M., and Milne, G.W.A.: Identification of drugs taken
in overdose cases. Clinical Toxicology 56, 17-26, 1972.

Fales, H. M., Milne, G. W. A., Pisano, J.J., Brewer, H. B. Jr., Blum, M.

S., McConnell, J. G., Brand, J., and Law, N.C.: Biological applications of
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electron ionization and chemical ionization mass spectrometry. Recent
Progr. Horm. Res. 28; 0000, 1972.

Beggs, D., Fales, H.M., Milne, G.W.A., and Vestal, M.: A chemical ioniza-

tion mass spectrometer source. The Review of Scientific Instruments 42^:

1578-84, 1971.

Milne, G. W. A., Fales, H.M., and Axenrod, T.: Identification of danger-
ous drugs by isobutane chamical ionization mass spectrometry. Anal. Chem.
43: 1815-20, 1971.
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medicine and biochemistry. In Milne, G.W.A. (ed.) Mass Spectrometry ;

Techniques and Applications , Wiley-Interscience, New York, N.Y. 1971,

Milne, G.W.A (Ed.) Mass Spectrometry; Techniques and Applications . Wiley-
Interscience, New York, N.Y. 1971.

Fales, H.M., Milne, G. W. A., and Nicholson, R. S.: Chemical ionization
mass spectrometry of complex molecules. VIII. Esters of di- and tri-

carboxylic acids. Anal. Chem. 43: 1785-9, 1971.
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All three mass spectrometers in the Laboratory of Chemistry are now
interfaced to small computers which can acquire and process the data generated
by the spectrometers. The LKB mass spectrometer now has its data processed
by the PDP-9I as does the MS-9. The programming for the LKB operation has
been completed (by D. Pedder) during the liast year and is now working well.
In addition, a link between the PDP-8I and DCRT's PDP-10 has been established
and has enabled us to bring the great power of the latter machine to bear on
a number of problems.

The commercial computer package' provided with the finnigan quadrupole
mass spectrometer has been augmented with a disk memory and work is now in

progress to permit CRT display of the many spectra generated by this mass
spectrometer. This will vastly speed up the operation and utility of this
machine.

In collaboration with S. Heller, DCRT, a file of 8,000 mass spectra has

been assembled and the necessary programs have been written to permit rapid
searching of this file. The resulting facility has proved to be extra-
ordinary useful in the identification of organic compounds from their mass
spectra and interest in this program, in the nine months that it has been
operational, is international in scope.

A very exciting project involving the use of the computer as a learning
machine has been undertaken in collaboration with scientists from NCI and
DCRT. Briefly, the computer is allowed to study the mass spectra of some 200
drugs whose activity (in an empirically coded form) is also given. The

I
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computer arrives at a set of rules enabling it to predict the biological
activity of the compound from its mass spectrum and these rules can then be

applied by the computer in predicting the activity of another compound whose
mass spectrum is the only available data. Further, the computer can be

queried as to the nature of its 'rules' and in this way, structure-activity
information may be obtained. So far the results have been intriguing; the

computer appears to be able to distinguish between sedatives and tranquillizers
with some reliability and interestingly, it generally fails to classify some
drugs - invariably those whose pharmacology contains self-contradictions. At
present this work is suffering from a lack of operating data - i.e ., mass
spectra of drugs of known biological activity and this deficiency will, it is

hoped, be corrected in the near future.

Honors and Awards: None

Publications: None
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Annual Report of the
Laboratory of Chemical Pharmacology
National Heart and Lung Institute
July 1, 1971 through June 30, 1972

DRUG METABOLISM AS A CAUSE OF DRUG TOXICITY

Many chemically inert organic compounds are transformed in the body to
potent alkylating agents that combine covalently with tissue components, such
as proteins, lipids and nucleic acids. A major objective of this laboratory
is to explore the possibility that the covalent binding of metabolites of
drugs and other foreign compounds to these macromolecules may lead to a vari-
ety of toxicities, including tissue lesions, blood dyscrasias, hypersensitiv-
ity reactions and fetoxicities, as well as carcinogenesis and mutagenesis.
To obtain this objective, the laboratory studies 1) whether the severity of

drug-induced tissue lesions can be altered by treatments that are known to

change either the rate or the relative importance of the pathways of drug me-
tabolism, 2) whether radiolabeled foreign compounds become covalently bound
to macromolecules in vivo and in vitro, 3) and whether the covalently bound
label in vivo is localized in the damaged areas of tissues. With these stu-
dies, we hope to gain a better understanding of the mechanisms of the toxici-
ties caused by therapeutic agents and the effects of drug interactions on
these toxicities.

Halogenated Aromatic Hydrocarbons

Hepatotoxicity : Last year, we cited evidence that bromobenzene causes
centrolobular necrosis in liver of rats and mice by being converted to an
active metabolite which in turn becomes covalently bound to liver proteins.
1) Pretreatment of rats or mice with phenobarbital (PB) , which enhances bromo-
benzene metabolism, also increases the severity of the bromobenzene-induced
centrolobular necrosis, whereas the simultaneous administration of g-diethyl-
aminoethyl diphenylpropylacetate (SKF 525-A) , which inhibits bromobenzene me-
tabolism, diminished the toxicity. 2) Autoradiographs of paraffin liver sec-
tions after administration of ^C-bromobenzene showed that the label was lo-
calized in the necrotic centrolobular zones. 3) Twenty-four hrs after the

administration of C-bromobenzene to rats or mice, exhaustive extraction of

liver homogenates with organic solvents followed by Sephadex chromatography
provided direct evidence that metabolites of the toxicant were covalently
bound to liver protein.

This year, we found that within the first 2-4 hrs after the administration
of -'-^C-bromobenzene to rats or mice there is little covalent binding, but then

the covalent binding rapidly increases and reaches a maximum between 6-12 hrs
after the administration of the toxicant. This lag in covalent binding par-

allels a decrease in liver levels of glutathione (GSH) . Thus, the depletion
of liver GSH by bromobenzene is accelerated in animals pretreated with PB and
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slowed In animals receiving SKF 525-A. Moreover, the administration of di-

ethyl maleate, which rapidly depletes liver of GSH without producing centro-
lobular necrosis by itself, markedly increases the severity of bromobenzene-
induced necrosis and increases the covalent binding of bromobenzene metabo-
lites to liver proteins. By contrast, the administration of cysteine, which
is rapidly converted to GSH in liver, prevents liver necrosis and diminishes
the loss of GSH. We thus conclude that bromobenzene becomes toxic only after

the liver is depleted of GSH.

Bromobenzene depletes liver of GSH by being converted to an active epoxide

which in the presence of a GSH transferase forms a GSH conjugate that ulti-
j

mately is excreted in urine as a mercapturate. Thus, the pattern of urinary I

metabolites of bromobenzene should change after liver is depleted of GSH.

Accordingly, our studies show that a considerably greater portion of bromo-
benzene is excreted as its mercapturic acid after a nontoxic dose than after
a toxic dose of bromobenzene. Moreover, pulse labeling experiments showed

that large amounts of the mercapturic acid are formed and little covalent bind-

ing occur during the initial phase of GSH depletion but that relatively little

mercapturic acid and considerable covalent binding occurs after 90% of the GSH

in liver was lost.

Studies with the 9,000 x g supernatant fraction of rat liver have confirm-

ed the view that bromobenzene is converted to an epoxide by a cytochrome P-450

enzyme in liver endoplasmic reticulum and that the epoxide then is converted

to: 1) p-bromophenol by rearrangement, 2) 3,4-bromobenzene dihydrodiol, 3)

the GSH conjugate of bromobenzene and 4) covalent binding to protein. In the

absence of GSH, considerable amounts of the phenol and the dihydrodiol as well

as the covalently bound bromobenzene are formed. But in the presence of GSH,

the amounts of these metabolites and the covalently bound bromobenzene are

markedly decreased while considerable amounts of the GSH conjugate are formed.

Last year, we found that pretreatment of rats with 3-methylcholanthrene
(3-MC), which induces the formation of a variant of cytochrome P-450 called
cytochrome P-448, prevents liver necrosis, even though it does not appreciably
change the rate of bromobenzene metabolism. We also found that 3-MC increases
the urinary excretion of conjugates of bromobenzene dihydrodiol and bromocate-
chol but decreases the excretion of bromobenzene mercapturic acid. Although
these findings suggest that the 3-MC exerted its protective Effects simply by

inducing the epoxide hydrase, which converts bromobenzene epoxide to its di-

hydrodiol, it now appears that 3-MC also increases the formation of 2,3-bromo-

benzene epoxide, a metabolite hitherto unsuspected because it is formed in only

negligible amounts in untreated rats or in those pretreated with PB. Prelimi-
inary studies indicate that the 2,3-bromobenzene epoxide is converted to 2-

bromophenol and 2,3-dihydrodiol more rapidly than the 3,4-bromobenzene epoxide
is converted to its analogous metabolites and thus 2,3-bromobenzene epoxide
does not persist long enough to become covalently bound to liver proteins.

Treatment of animals with other substances can also affect the severity
of the centrolobular necrosis caused by bromobenzene. Simultaneous admini-
stration of pyrazole or piperonyl butoxide with bromobenzene blocks necrosis
and decreases cova lent binding to liver macromolecules by slowing the metabo-
lism of bromobenzene. But aminoacetonitrile in rats and mice apparently blocks

(
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the binding and prevents liver necrosis by another mechanism, since it does

not inhibit bromobenzene metabolism. Moreover, chronic administration of low

doses (5 pl/mouse) of bromobenzene for 9 weeks decreases the toxicity and the

covalent binding of bromobenzene, but the mechanism of protection is obscure
since the treatment does not affect either the rate of excretion or the rela-

tive proportions of the bromobenzene metabolites in urine.

It is now evident that a number of halogenated benzenes in addition to

bromobenzene cause centrolobular necrosis by being covalently bound to liver

macromolecules in mice. For example, the covalent binding of bromobenzene,
chlorobenzene, iodobenzene and o^-dichlorobenzene, which cause centrolobular
necrosis, is an order of magnitude greater than the covalent binding of fluoro-

benzene and p-dichlorobenzene, which do not cause liver necrosis. Moreover,
PB pretreatment increases the covalent binding and the liver necrosis caused
by the "toxic" halogenated benzenes, but does not appreciably alter the co-

valent binding of the "nontoxic" halogenated benzenes. Furthermore, SKF 525-

A in mice pretreated with PB decreases both the covalent binding and the ne-
crosis caused by the "toxic" halogenated benzenes.

Kidney : Both bromobenzene and chlorobenzene cause hyaline necrosis of the

proximal convoluted tubules within 48 hrs after their administration to mice.

The toxicity is apparently mediated by metabolites which become covalently
bound to renal macromolecules, because autoradiographs of kidney sections 24

hrs after the administration of '-'^C-chlorobenzene show that most of the co-

valently bound chlorobenzene is localized in the necrotic areas. Moreover,
piperonyl butoxide decreases the covalent binding by 80% and prevents the

necrosis. Pretreatment of mice with PB, however, has little or no effect on

either the necrosis or the covalent binding, presumably because PB does not
induce cytochrome P-450 enzymes in extrahepatic tissues.

Acetaminophen and Related Compounds

Hepatotoxicity : At therapeutic doses acetaminophen, an analgesic drug

frequently sold over-the-counter throughout the world, is an unusually safe
drug in man, but large doses are known to cause lethal fulminating centrolob-
ular necrosis of liver. We have found that in mice acetaminophen is activated
in liver to form a metabolite which becomes covalently bound to liver proteins
and thereby causes hepatonecrosis. Autoradiographic studies after the admin-
istration of -^H-acetaminophen show that the radiolabel is localized mainly in

the necrotic centrolobular regions of liver. Moreover, pretreatment of mice
with PB, which increases the severity of the necrosis, increases the covalent

binding of %-acetaminophen to liver proteins; since acetaminophen in mice is

excreted mainly as its sulfate and glucuronic acid conjugates, however, pre-
treatment with PB has little effect on the rate of elimination of acetamino-
phen. In contrast, prior treatment with piperonyl butoxide or CoCl2» which
prevents necrosis, also decreases the covalent binding of -'H-acetaminophen to

liver proteins.

Time studies show that little covalent binding occurs during the first 45

min after administration of toxic doses of ^H-acetaminophen, but that the

amount of covalently bound drug then increases rapidly, reaching a maximum at

2 hrs and then declining slowly thereafter. The finding that toxic doses of



acetaminophen decrease the liver levels of GSH by 90% within 60 min, raised
the possibility that acetaminophen, like bromobenzene, causes centrolobular
necrosis only after the liver has been depleted of GSH. In accord with this
view, pretreatment of mice with PB accelerates the decrease in liver GSH
caused by acetaminophen, whereas prior administration of piperonyl butoxide,
or pretreatment with C0CI2 decelerates it. Moreover, prior administration of

'

diethyl maleate, increases the severity of the acetaminophen-induced necro-
sis, whereas co-administration of acetaminophen and cysteine prevents the
hepatonecrosis

.

There is a marked species difference in the toxicity of acetaminophen.
In mice, extensive centrolobular necrosis occurs with doses of 500 mg/kg, but
in rats necrosis seldom occurs even at doses as high as 1.5 g/kg. In accord
with these findings, in vitro experiments showed that the kinetic constants
for covalent binding of •^H-acetamlnophen were Kjjj = 0.3-0.5mM and V 0.2
nmole/mg/min with mouse liver microsomes and Kjj = 12 mM and V =0.03 nmole/
mg/min with rat liver microsomes. Moreover, pretreatment of mice with PB
markedly increases the Vjj^^^^ for covalent binding whereas pretreatment with
C0CI2 markedly decreases it.

The formation of the active metabolite of acetaminophen is apparently
catalyzed by a cytochrome P-450 enzyme since it requires NADPH and oxygen
and is inhibited by carbon monoxide (CO) . At first we assumed that these
findings precluded the possibility that the active metabolite was N-hydroxy
acetaminophen, because other laboratories have reported that N-hydroxylation
reactions were not inhibited by CO and therefore were probably not catalyzed
by cytochrome P-450. However, contrary to previous reports, we found that the

conversion of 2-acetylaminofluorene to its N-hydroxylated derivative is inhib-
||

ited by CO.

Blood Dyscrasias : In patients having a genetic defect in erythrocyte glu-
cose-6-phosphate dehydrogenase, phenacetin and a variety of other aniline
analogues can cause hemolytic anemia. We found that a series of acetylated
and nonacetylated aniline derivatives, decrease the half-life of Cr-labeled
rat erythrocytes presumably by promoting hemolysis. Moreover, pretreatment
of rats with 3-MC decreases the severity of the hemolysis caused by the acetyl-
ated compounds, but does not affect the hemolysis caused by the nonacetylated
compounds. In contrast, bis-nitrophenyl phosphate (BNPP), a deacetylase in-
hibitor, blocks the hemolysis caused by the acetylated aniline derivatives '

but not that caused by the nonacetylated derivatives. There may be a relation-
ship between hemolysis and methemoglobinemia, since methemglobinemia caused
by p-chloroacetanilide is also decreased by pretreatment of rats with 3-MC or

by the administration of BNPP. Although these findings suggest that the
methemoglobinemia and hemolysis induced by these compounds in rats occurs
only after they have been deacetylated, the possible relevance of the results
to drug induced hemolysis in man needs to be clarified. ii

Halogenated Alkanes

Hepatotoxicity: Carbon tetrachloride (CCl^) and chloroform (CHCI3) are
thought to cause centrolobular necrosis by being converted in liver to free
radicals that react with phospholipids and proteins and thereby lead to ne-
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crosis. However, the enzjnnatic mechanisms which convert these toxicants to

free radicals and the factors that affect their activity remain obscure. We
now have found that a NADPH-dependent enzjmie system in liver microsomes can
convert CC1» to a metabolite that reacts covalently with liver microsomal
proteins. Although the enzyme acts as well as in nitrogen as in air, it is

inhibited by CO, suggesting that reduced cytochrome P-450 may reductively
cleave CCl, to form free radicals which then react with microsomal macromole-
cules. This reaction would thus be analogous to the reduction of p-nitroben-
zoic acid to p-aminobenzoic acid by cytochrome P-450. Moreover, like the re-
duction of p-nitrobenzoic acid, the activation of CCl/ is not inhibited by
SKF 525-A. By contrast, CHCl is activated by a liver microsomal enzyme that
requires oxygen as well as NADPH and is inhibited by CO and SKF 525-A. Thus,
CHCl-j is activated by an oxidative reaction that is apparently catalyzed by
cytochrome P-450.

Several years ago, our laboratory found that pretreatment of rats with
dibenamine, an a-adrenergic blocking agent, decreased the hepatotoxicity of

CCl^. It is now apparent that dibenamine also decreases the hepatotoxicity
of thioacetamide and dimethyInitrosamine. But the protective effects of di-
benamine are apparently not due to a-adrenergic blockade, because they appear
long after the a-adrenergic blocking effects of the drug have disappeared,
and other a-adrenergic blocking drugs, such as tolazoline, do not prevent CCl^
toxicity. Pretreatment of rats with dibenamine has little affect on the elim-
ination of CCl A, presumably because most of the CCl, is eliminated by respi-
ration. Nevertheless, pretreatment with dibenamine decreases the formation
of CHCI3, the covalent binding of C-CC1a to liver phospholipids in vivo and

partially prevents the impairing effects of CCl/ on the level of cytochrome
P-450 and ethylmorphlne N-demethylase in liver microsomes. Moreover, diben-
amine pretreatment decreases the covalent binding of C~CC1a to liver micro-
somal protein in vitro and the in vitro metabolism of ethylmorphlne and di~
methylnitrosamine without changing either the level of cytochrome P-450 or

the activity of NADPH-cytochrome c^ reductase in liver microsomes. Although
these findings indicate that dibenamine exerts its protective effects by de-

creasing the activation of toxicants, the mechanism by which it inhibits these
reactions remains obscure.

Pretreatment of rats or mice with various alcohols, such as ethyl alcohol
and isopropyl alcohol, is known to potentiate the toxicity of CCl^. Since
the potentiation effect persists long after the alcohols have been metabolized,
it seemed possible that the alcohols exert their effects by accelerating the

activation of CCl, . In accord with this view, treatment of rats with iso-

propyl alcohol 16 hrs before death increases the in vitro covalent binding of

-'-^C-CCl^ and ^C-CHCl^ by liver microsomes and the in vitro N-demethylation
of dimethyInitrosamine. But it has little or no effect on N-demethylation of

ethylmorphlne, the level of cytochrome P-450 or the activity of NADPH-cyto-
chrome c^ reductase in liver microsomes. The reason for the selective in-
crease in the activation of CCl^ and CHCI3 and for the metabolism of dimethyl-

nitrosamine thus remains to be elucidated.

Renal Toxicity : CHCI3 causes haline degeneration of the proximal convo-

luted tubules of kidney as well as centrolobular necrosis in liver. However,
pretreatment of mice with either PB or 3-MC decreases or blocks the renal ne-
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crosis caused by CHClo, whereas these pretreatments increase the severity of
the hepatic damage. Nevertheless, CHCI3 apparently causes renal damage by be-
coming covalently bound to renal macromolecules because autoradiographs 24 hrs
after the administration of -'^C-CHClo, revealed that the covalently bound ra-
diolabel is localized mainly in the proximal convoluted tubules of kidney as
well as the centrolobular regions of liver.

Toxicities by Other Compounds

Diethylstilbesterol and Estrogens ; Diethylstilbesterol (DES) reportedly
causes liver damage and transplacental cancer in humans. In rats, DES causes
centrolobular necrosis to a greater extent in females than in males and pre-
treatment with PB increases the severity of the DES-induced necrosis in fe-
males but has little or no effect in males. In accord with the sex difference
in DES-induced necrosis, the covalent binding of C-DES to proteins in liver
and other tissues is an order of magnitude greater in females than in males.
Autoradiographic studies are now being carried out to determine whether the
covalently bound DES is localized in the necrotic areas of liver.

Rat liver microsomes contain a cytochrome P-450 enzyme that activates DES
to a metabolite which becomes covalently bound to microsomal protein. Co-
valent binding was confirmed by hydrolyzing liver protein containing covalent-
ly bound -"-^C-DES and demonstrating that the radiolabel is bound to two amino
acids, one of which cochromatographs with cysteic acid.

Liver microsomes from male and female rats contain a cytochrome P-450 en-
zyme that also activates 17-6-estradiol and estrone to active metabolites which
become covalently bound to microsomal protein. Moreover, covalent binding of
these estrogens in vitro also occurs with microsomes from the uterus of female
rats but not those from female rabbits and with kidney microsomes from male
rats but not those from either rabbits or female rats. The possible relation-
ship between these findings in vitro with the toxicity of estrogens is under
investigation.

Paraquat ; This herbicide causes death in humans by causing necrosis of
the pulmonary alveoli followed by Intersitital fibrosis. Although in rats
the compound becomes localized in lung, it is not covalently bound in this or
any other tissue. A single dose of paraquat in rats, however, decreases the
metabolism of bromobenzene in liver during the first 4 days but not at the
7th day.

Indomethacin ; This drug causes ulceration of the gastrointestinal tract.
But the effects of various inducers and inhibitors of drug metabolizing en-
zjmies is difficult to evaluate. For example, piperonyl butoxide, which inhib-
its the metabolism of indomethacin, decreases the number of adhesions between
the omental membranes and the gastrointestinal tract, but increases the number
brown translucent areas, known to be caused by ulceration. On the other hand,
pretreatment of the animals with 3-MC increases the ntmiber of adhesions but
decreases the ntmiber of translucent areas.

Other Hepatotoxicants : The administration of a number of allyl compounds,
including secobarbital and several porphyria-inducing compounds , causes a
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selective destruction of cytochrome P-450 in liver microsomes. Since these
substances are thought to form epoxides, it is important to determine whether
other substances which form epoxides can cause a selective decrease in cyto-
chrome P-450. Preliminary results indicate that cytochrome P-450 in liver
microsomes is selectively destroyed by the administration of secobarbital
and allyl alcohol but not by the bromobenzene, styrene or tetrahydronaphtha-
lene. The structural requirements for cytochrome P-450 destruction thus re-
main obscure.

Other Studies Related to Drug Toxicology

Histochemistry : Although some toxicants cause centrolobular necrosis and
others cause periportal necrosis in liver, the reasons for the selective
toxicities is based largely on indirect evidence. We are thus developing
histochemical techniques to determine: 1) The intratissue localization of
drug metabolizing systems that lead to covalent binding of drugs, 2) whether
GSH is selectively depleted in some cells but not in others, 3) the locali-
zation of GSH synthesized after tissues have been depleted of GSH.

Covalent Binding by Liver Microsomes : A simple in vitro test was devised
to determine which foreign compounds can be activated by enz3nnes in liver
microsomes to intermediates that become covalently bound to liver microsomal
macromolecules. With this test we found that liver microsomes can covalently
bind phenylbutazone, hexachlorophene, pyribenzamine, diphenylhydantoin and
chloroquine, but not PB or caffeine. All the compounds but hexachloroquine
and chloroquine appear to be activated by cytochrome P-450 enzjmies. Studies
are in progress to evaluate the relationships between the covalent binding of

these substances and possible drug induced toxicities.

Drug Metabolism in Extrahepatic Tissues : In the past, most studies of

drug metabolizing enzymes have been carried out with liver preparations, be-
cause the activities of these enzjmies are usually at least an order of magni-
tude greater in liver than in other tissues. However, it now becomes evident
that foreign compounds can be converted to chemically active metabolites which
do not persist long enough to leave the cells in which they are formed. For

this reason, it has become necessary to study drug metabolizing enzjrmes in

extrahepatic tissues in order to determine their substrate specificities and
the factors which control their activities. We thus have a program to assess
the activities of various drug metabolizing enzjmie systems in a number of

tissues, including lung, adrenals, kidney, mammary glands, placenta, uterus,
testes and fetal liver. In this program we are also determining the effects
of inducers, inhibitors and physiologic alterations on the activity of the
enz3mies

.

THE MOLECULAR BASIS FOR CONTROL OF CARDIOVASCULAR FUNCTION

Pharmacological improvement of cardiovascular malfunction will most likely

be achieved at membranes responsible for signal processing by the autonomic
nervous system. These include the axonal membranes along which electrical im-

pulses are conducted by the periphery, the cholinergic and adrenergic synapses
and neuromuscular junctions, and the excitable membranes of cardiac and vas-
cular smooth muscle that ultimately receive the signals. A long term goal of

7 /Z3



this laboratory Is therefore to describe the molecular events associated
with the passage of these signals.

The Na K-dependent ATPase : Concentration gradients of sodium and po-
tassium across the cell membrane are necessary for excitability of all of the

membranes mentioned above. This is achieved by an ion transport system which
operates at the expense of metabolic energy stored in ATP. The essential com-

ponent of this system is an ATPase that requires both Na and K for its ac-
tivation. This enzjmie, which can be obtained in association with membrane
fragments from many tissues, has been under investigation in this laboratory
for sometime, partly because it represents the site of digitalis action in the

heart and partly because of its general role in excitable tissues. We are now
attempting the disaggregation of this multicomponent system in order to define

the minimum requirements for activity of the system by reassembly of the es-
sential components. Because of the formidable requirements for enzymatic
assay in such an attack, we have devised an automated assay for the enzyme.

With this method we carried out some promising studies on the use of iodide
gradients for separation of the enzyme system from some of the components of

the surrounding membraneous matrix.

Adrenergic Receptors : Less fundamental than ATPase, but perhaps more
germane to the molecular biology of control mechanisms, are studies of ad-
renergic receptors in smooth muscle. Earlier studies suggested that in small
doses certain inhibitors (Dibenamine in rat vas deferens; bromo-methylphenyl-
ethylamines in mouse spleen) may block a-adrenergic responses without react-
ing directly with the recognition site at which the catecholamine interacts.
Triggle has postulated that there exist at least three sites in adrenergically
innervated tissue, one the recognition site proper and two others which can be
occupied by the usual alkylating a-adrenergic blockers. Multiple, allosteri-
cally linked sites would explain our current observations that the local an-
esthetics in low doses block the a-adrenergic contraction of rat aorta by
apparently altering the affinity of the binding sites for the agonist but
directly inhibit the sites for potassium stimulation. Further evidence sug-
gests that the site occupied by the anesthetics is different from that occu-
pied by dibenamine in this tissue. .The results suggest that before designing
sophisticated mathematical models for receptor occupancy or attempting the
isolation of receptor molecules one should define the minimum number of sites

that must be postulated to explain the agonist and inhibitor interactions.

Transport and Storage of NE : Previous results with heart slices indicate
that the uptake of NE depends on a carrier mechanism which can be altered by
the Interplay of Na , K and Ca . It is now evident that the release of NE
from nerve endings in heart slices also depends on an amine carrier mechanism
which is blocked by desipramine. The release of NE by this mechanism, is pro-
moted by intracellular Na but not by choline or Li"*". Moreover, Ca"'"'" stimu-
lates release, presumably by mobilizing NE stores in the synaptic vesicles.

Cyclic AMP ; Last year, we reported that the ratio of the specific activ-
ity of radiolabeled cyclic AMP to that of the radiolabeled ATP in fat cells
treated with NE was considerably less than one. We have since found that the

low specific activity of radiolabeled cyclic AMP was due to an unknown sub-
stance which interfers with the Oilman method. After removal of the contam-
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inant, the specific activity of radiolabeled cyclic AMP now approaches that
of radiolabeled ATP, and thus NE-induced formation of -^H-cyclic AMP is equiv-
alent to the formation of total cyclic AMP.

With either the radiolabel technique or the Oilman method, we have found
that incubation media lacking either Na"*" or id" decreases NE-induced lipolysis
and cyclic AMP formation in fat cells. The impairment is especially evident
at low NE concentrations. Whether these findings reflect the permissive role
of glucocorticoids, however, remains to be determined. We also have found
that in fat cells the optimum pH for the increase in cyclic AMP by NE is a-
bout pH 7.7.

The Binding of Drugs to Biomolecules : The ultimate question in receptor
function is the same as that in the response of many tissues to drugs, namely
how a large protein displays its specific affinity for a ligand of low molec-
ular weight and how the binding of that ligand induced those conformational
changes in the macromolecule that initiate a biological response. This ques-
tion is also important to pharmacologists who must now be increasingly con-
cerned with the mechanism by which intermediates in the metabolic breakdown
of certain drugs become permanently affixed to body proteins with long last-
ing deleterious effects. In view of the foregoing considerations considerable
effort is now being devoted to the use of biophysical methods for the study of

drug protein interactions.

a. Fluorescent Probes : Fluorescent probes which exhibit an inverse ratio
between quantum yield of fluorescence and the dielectric constant of their
immediate environment have been used to study the interaction of local anes-
thetics with a model membrane, the erythrocyte ghost. These anesthetics have
been postulated to act either by perturbation of the lipoprotein structure of

the membrane or by alteration of the surface charge. Current experiments in-
dicate that tetracaine alters the surface charge, thus permitting more of the

fluorescent probe (anilinonaphthalene sulfonic acid) to be taken up by the

membrane, but does not alter the polarity of the hydrophobic part of the mem-
brane into which the tetracaine inserts. Lidocaine, which gives anomalous
results in other laboratories, studying the binding of calcium, does not in-

crease the uptake of fluorescent probe. Metrazole, which is of interest be-
cause of its convulsant properties and its ability to protect erythrocytes
against osmotic shock, appears to alter the membrane in such a way that it

binds fewer cations.

b. Fluorescence polarization , which can sometimes change dramatically
when fluorescent drugs are firmly bound to protein, has been successfully
used to detect the binding of the anti-leukemic drug, camptothecin, to plas-
ma proteins.

c. Electron spin resonance of drug derivatives containing a stable free
radical offers unusual promise as a means of investigating drug receptor
interactions. In some instances this technique offers an economical means
for examining the important characteristics of a drug receptor site without
requiring sophisticated procedures, such as X-ray crystallographic analysis
of the purified drug-protein complex. An interesting example of this is the

current study of the receptor site on carbonic anhydrases B and C isolated



from bovine and human erythrocytes respectively. Here nitroxide groups were
inserted as stable free radical "reporter" groups into a series of sulfon-
amides. Since the sulfonamide moiety is known to bind to a Zn in the active
center of the protein, it was possible to place the "reporter" group at vari-
able distances from the sulfonamide and to determine from the character of
the ESR spectrum the distance at which the label just er.erges from the cavity
containing the active center. The dimensions thus obtained are in good agree-
ment with X-ray crystallographic data published from other laboratories.

ESR data obtained with fatty acids containing the "reporter" group at
various positions along the liprophilic side chain have proved valuable in
determining the character of the hydrophobic portion of the membrane into
which these fatty acids penetrate. Studies of this type have been carried
out with erythrocyte ghosts exposed to local anesthetics. The results are
consistent with the mechanism described above in the section on fluorescent
probes.

$1
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Serial No. NHLI-38
1. Chemical Pharmacology
2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Mechanism of dimethylbenzanthracene- induced bone
marrow damage

Previous Serial Number NHLI-219

Principal Investigators: Dr. Jerry R. Mitchell
Dr. David J. Jollow
Dr. Bitten Stripp
Dr. James R. Gillette

Other Investigator: Mr. Kenneth Greene

Cooperating Unit: Dr. Mitchell is a Research Associate in the Pharma-
cology-Toxicology Program, NIGMS

Project Description:

Objectives : In looking for chemically inert compounds other than benzene
which cause bone marrow injury in a reproducible, dose-response manner, we
previously confirmed that a carcinogen, dimethylbenzanthracene (HMBA) , was
very potent in causing bone marrow damage even after a single intravenous
injection. We subsequently have attempted to define the mechanism by which
this chemically inert toxicant causes aplastic anemia.

Methods Employed : Rats were given DMBA (5-50 mg/kg, i.v.) and killed one
week later. Aortic blood was obtained for a complete blood count with leuko-
cyte differential, and both femurs were removed for a bone marrow nucleated
cell count. SKF 525-A and 7,8-benzof lavone, which inhibit DMBA's metabolism
in vitro , were given to rats 1/2 hr before DMBA. To assure that SKF 525-A
also inhibited DMBA's metabolism in vivo , we determined the concentration of
l^C-DMBA in whole carcass homogenates in normal and SKF 525-A-pretreated rats.

Major Findings : Pretreatment of rats with SKF 525-A or 7,8-benzoflavone
protected rats from DMBA- induced bone marrow damage as shown in the following
table. Parallel studies on the effect of SKF 525-A on the rate of DMBA's
metabolism in vivo demonstrated a marked inhibition of metabolism.
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EFFECT OF SKF 525-A (75 mg/kg, i.p.) OR 7,8-BENZOFLAVONE

(50 mg/kg, i.p.) ON THE BONE MARRCM DAMAGE SEEN 1 WEEK
AFTER DMBA (25 mg/kg) ADMINISTRATION IN RATS i.v.

Treatment WBC BM Nucl.
Cell Count

Control

DMBA

7 , 8-Benzoflavone

SKF 525-A

BF* + DMBA

SKF 525-A* + DMBA

13950 ± 840

5100 ± 540

14200 ± 800

11100 ± 1070

6700 ± 620

8700 ± 1070

6800 ± 280

1900 ± 360

8000 ± 670

6200 ± 970

3100 ± 550

4500 ± 425

* 30 min before DMBA

Significance to Biomedical Research and the Program of the Institute ;

These data indicate that a toxic metabolite of the chemically inert DMBA is

responsible for DMBA's bone marrow damage. Since most therapeutic drugs also
are chemidally inert, these studies raise the possibility that a similar acti-
vation of certain drugs by microsomal enzymes may explain how such compounds
occasionally produce bone marrow damage in patients.

Proposed Course of Project : Terminated. A manuscript is being prepared.

Honors and Awards: None

Publications: Gillette, J. R. and Stripp, B.: Pharmacokinetics and
pharmacodynamic changes caused by induction and inhibition
of drug metabolism. Presented at the Hungarian Pharmaco-
logical Society First Congress, Budapest, October 18-22,
1971. In press.
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Serial No. NHLI- 39

1. Chemical Pharmacology
2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title:

Previous Serial Number:

Mechanism of benzene- induced bone marrow damage

NHLI- 220

Principal Investigators: Dr. Jerry R. Mitchell
Dr. David J. Jollow
Dr. James R. Gillette

Other Investigators:

Cooperating Unit:

Project Description:

None

Dr. Mitchell is a Research Associate in the Pharma-

cology-Toxicology Program, NIGMS

Ob jectives: Bone Marrow (BM) injury is one of the most serious compli-

cations of drug therapy. Among currently marketed drugs, more than 80 are

capable of causing some type of BM damage. In an effort to gain an insight
into the mechanisms by which drugs damage BM, we studied the effects of vari-

ous doses of a chemically inert compound, benzene, which reproducibly causes
BM injury. We have previously shown that BM damage does not occur when high
doses of any of the known metabolites of benzene are administered to the

intact animal. Further, benzene was found to be toxic to BM cells cultured
in vitro only at very high concentrations (> 500 ug/ml) . We concluded that
BM damage was probably not due to the benzene itself or to any of the known
metabolites. The present studies were undertaken to examine the effects on

benzene- induced BM damage of treatments known to modify the activity of the
heaptic drug-metabolizing enzyme.

Methods Employed ; Rats were pretreated with phenobarbital (80 mg/kg,

i.p., daily for 3 days) or cobaltous chloride (60 mg/kg, s.c, daily for 2

days) or treated with piperonyl butoxide (340 mg/kg 8 hourly) during the

course of benzene (1 ml/kg, s.c, daily for one week) administration. Aortic
blood was obtained for a complete blood count with leukocyte differential,
and both femurs were removed for a BM nucleated cell count and for evaluation
of BM nucleic acid and protein synthesis by in vitro incorporation of H-thy-
midine and a -^C- amino acid mixture.

Major Findings : Normal rats receiving benzene (1 ml/kg, s.c.) daily for

one week developed aplastic anemia. Both pretreatment of the animals with
phenobarbital or concomitant treatment with piperonyl butoxide completely
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prevented the benzene- induced BM damage. Parallel studies on the effect of
these treatments on the rate of metabolism of benzene _in vivo indicated that
these treatments had little effect on the rate of elimination of benzene from
the intact animal. Phenobarbital and piperonyl butoxide treatments induced
and blocked, respectively, metabolism of benzene by rat liver microsomes
in vitro . The occurrence of pulmonary excretion of benzene _in vivo presum-
ably minimized the effects of these treatments on the hepatic drug-metaboliz-
ing system.

Pretreatment of the rats with cobaltous chloride significantly decreased
the cytochrome P-450 content of rat liver and inhibited the metabolism of
cytochrome P-450-dependent drug metabolism. This pretreatment completely
blocked BM damage caused by benzene.

These data are suggestive that the BM damage induced by benzene is due to

a metabolite produced by a cytochrome P-450-dependent drug metabolism pathway
in the liver. However, the observed decrease in toxicity by phenobarbital
pretreatment also indicates that benzene may be metabolized by more than one
pathway. The pathway induced by phenobarbital is apparently nontoxic.

Significance to Biomedical Research and the Program of the Institute :

These studies emphasize that a variety of factors in drug metabolism may influ-
ence the toxic manifestations of drug therapy and that these factors may be
influenced by prior exposure to drugs or other environmental conditions.

Proposed Course of Project : The present studies will be continued with
particular emphasis on the nature of the metabolic pathways induced by the
various pretreatments

.

Honors and Awards: None

Publications: None
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Serial No. NHLI- 40
1. Chemical Pharmacology
2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Bromobenzene- induced hepatotoxicity. I. Role of
bromobenzene epoxide in bromobenzene- induced hepatic
necrosis

Previous Serial Number: NHLI- 221

Principal Investigators; Dr. David J.

Dr. Jerry R.

Dr. James R.

JoHow
Mitchell
Gillette

Other Investigators:

Cooperating Unit:

Project Description:

None

Dr. Mitchell is a Research Associate in the Pharma-
cology-Toxicology Program, NIGMS

Objectives : This laboratory has demonstrated that the centrilobular
hepatic necrosis induced in experimental animals by bromobenzene is due to a

highly reactive intermediate formed during the course of bromobenzene '

s

metabolism. The toxic metabolite appears to be electrophilic in nature and
binds covalently with nucleophilic sites of cellular protein in the areas of
the liver which subsequently become necrotic. Bromobenzene is metabolized by
a cytochrome P-450 mixed function oxidase located in the endoplasmic reticulum
of hepatocytes. The urinary metabolites (underlined) are believed to arise
according to the following scheme.

Bromobenzene

NADPH, O2 epoxide synthetase

V
3,4 Bromobenzene epoxide

Glutathione transferase Hydrase \ Non

^^
Bromophenyl- gluta-
thione coniugate

Bromophenyl mercap -

turic acid

Hydrase

I
omc

_

dihydrodiol

Postulated toxic non-
Enzyraic ^ enzymic reaction

3,4 Bromophenyl- 4-Rromn - ^^Bromophenyl-pro-
phenol tein conjugate

kBromocatechol

^3/
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Thus the primary oxidation product, 3,4 bromobenzene epoxide, represents a

common intermediate for all the known urinary metabolites. The epoxide may
rearrange nonenzymically to 4-bromoph©n0l, undergo hydration to 3,4-brorao-

phenyldlhydrodiol (catalyzed by an epoxide hydrase), or conjugate with gluta-

thione (catalyzed by an epoxide-S-glutathlon@ transferase enzyme).

W6 have shown that the marked enhancement ef bromobenzene ' s hgpatotoxie-
ity caused by phenobarbital pretreatment is associated with an Increased rate

of production of bromobenzene epoxide J^n vivo . It may be calculated that
phenobarbital-pretreated rats given 10 ramoles of bromobenzene/kg produce over
15 iumoles/hour/g liver compared with about 6 jumoles/hour/g liver by normal
rats given the same dose. Other aromatic epoxides are known to react spon-

taneously with nucleophilic groups such as free sulfhydryl and amino moi-
eties. Hence we have postulated that 3,4 bromobenzene epoxide is the reac-

tive metabolite which is responsible for the alkylation of liver protein and
thus leads to cell death.

The present studies were undertaken to test this postulate. If the

hypothesis is correct, covalent binding of bromobenzene to liver protein
should occur only when the rate of formation of 3,4 bromobenzene epoxide ex-

ceeds the capacity of the epoxide hydrase and glutathione transferase enzymes
to degrade it.

Methods Employed : The 9000 x _g supernatant fraction of rat liver was
prepared from normal and phenobarbital- induced rats. In order to study the

metabolism of bromobenzene under conditions where the activity of the epoxide
"detoxification" enzymes was limited, glutathione was depleted from the rat
liver supernatant by titration with diethyl maleate. By thus blocking the

epoxide-glutathione transferase activity, the capacity of the "detoxification"
enzymes was reduced to the level of the epoxide hydrase activity. Addition
of known amounts of glutathione allowed a gradual incremental increase in the
activity of the "detoxification" capacity of the system. The toxicity of the
system was assessed by measuring the extent to which bromobenzene was cova-
lently bound to liver protein. The supernatant was diluted 1:3 with potas-
sium phosphate buffer (0.05 M) and incubated aerobically at 37° in the pres-
ence of NADPH (1 mM) and I'^C- bromobenzene (1 mM, 3 ^iCi). The procedures for
fractionation and quantitation of the various metabolites and the procedure
for determination of the protein-broraobenzene conjugate have been described
previously.

Major Findings : Normal rat liver supernatant rapidly metabolized bromo-
benzene. As shown in Fig. 1, the rate of oxidation (total metabolism) was
not affected by variation in the amount of glutathione in the reaction mix-
ture. Thus the production of bromobenzene epoxide was independent of the
enzymic "detoxification" capacity.

In the presence of high concentrations of glutathione (> 0.5 mM) , the

3,4 bromobenzene epoxide produced by the primary oxidation reaction was
largely conjugated with glutathione. The extent of covalent binding of

bromobenzene to liver protein was small.
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Under conditions of low glutathione (< 0.1 mM) , the capacity of the
epoxide hydrase and epoxide-glutathione transferase to metabolize 3,4 bromo-
benzene epoxide was limited. The nonenzyraic formation of 4-bromophenol in-
creased dramatically, reflecting an increased steady-state level of 3,4 bromo-
benzene epoxide in the reaction mixture. Protein-bromobenzene conjugate
formation also increased dramatically, revealing its dependence on the con-
centration of 3,4 bromobenzene epoxide in the reaction mixture.

Kinetic comparisons indicated that phenobarbital induction had induced
the bromobenzene epoxide synthetase enzyme in rat liver by a factor of 8

(based on V^^gj^) compared to that of the normal animal. The covalent binding
reaction, measured as protein-bromobenzene conjugate, showed the same depend-
ence on the concentration of 3,4 bromobenzene epoxide as described above for

the normal rat.

A similar relationship has been observed vn vivo between the extent of

formation of the various metabolites and the covalent binding of bromobenzene
to liver protein. As described in an accompanying report, bromobenzene- C-

pulse labelling experiments have been used to determine the conditions under
which the covalent binding reaction occurs _in vivo . Covalent binding occurs

in vivo only when the availability of glutathione for epoxide-glutathione
transferase activity in the hepatocytes become limiting. Both 4-bromophenol
and covalent binding then increase dramatically, indicating their mutual
dependence on 3,4 bromobenzene epoxide.

Significance to Biomedical Research and the Program of the Institute :

These results clearly indicate that 3,4 bromobenzene epoxide is the precursor
of the protein-bromobenzene conjugation and is hence the toxic metabolite of

bromobenzene which causes liver necrosis. This conclusion is consistent with
other studies in this series, described in accompanying reports.

In view of the general acceptance of epoxides as ubiquitous intermediates
in drug metabolism leading to phenolic metabolites, the present studies sug-

gest that a variety of drug- induced lesions of clinical importance may involve
the reaction of the epoxide intermediate with tissue protein.

Proposed Course of Project : The experimental approach used in these stud-

ies will be applied to examine the metabolic interrelationships of drugs with
hepatic macromolecules

.

Honors and Awards: Invited speaker in Fifth Annual Symposium on "Perspectives
in Bio-availability of Drugs: Therapeutic and Toxicolog-
ical Significance." Canadian Association for Research in

Toxicology, Montreal, Canada, 1971.

Publications: Jollow, D. J.: Mechanisms of drug absorption and of drug

solution. Eur. J. Toxicol., in press.
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Mitchell, J, R., Reid, W. D. , Christie, B, Moskowitz, J.,

Krishna, G. and Brodie, B. B.: Bromobenzene- induced
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888, 1971.
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3,4 Bromocatechol
+

3,4 Bromophenyldihydrodiol

Protein-Bromobenzene conjugate

I I

0.5 1.0 1.5

Glutathione (mM) in reaction mixture

2.0

Metabolism of bromobenzene by the 9000 x ^ supernatant fraction of rat liver
showing the relationship between the formation of the liver protein-bromoben-
zene conjugate (used as an index of bromobenzene' s hepatotoxicity , see text)
and the formation of other metabolites known to arise from 3,4 bromobenzene
epoxide. Experimental details are given in methods.
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Project Title: Bromobenzene- induced hepatotoxicity. II. Mecha-
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Previous Serial Number: NHLI-221

Principal Investigators: Dr. David J. Jollow
Dr. Jerry R. Mitchell
Dr. James R. Gillette

Other Investigators: None

Cooperating Unit: Dr. Mitchell is a Research Associate in the Pharma-
cology-Toxicology Program, NIGMS

Project Description:

Objectives : Treatment of rats with phenobarbital or 3-methylcholanthreiE
(3-MC) causes induction of a wide variety of drug-metabolizing enzymes in the
liver. However, bromobenzene' s hepatotoxicity is enhanced by phenobarbital
pretreatment but prevented by 3-MC induction. In previous studies on the
mechanism of this protection by 3-MC, we have shown that protection is not
due to inhibition of the metabolism of bromobenzene _in vivo (T-i- of metabo-
lism = 8.5 min compared with 9.2 min for the normal rat). We have further
shown that 3-MC induction of rats causes a quantitative change in the urinary
metabolites of bromobenzene; viz, metabolites arising from the action of the
epoxide hydrase on bromobenzene epoxide represent a greater proportion of
total metabolites of bromobenzene. Bromobenzene- -'C pulse- labelling experi-
ments demonstrated that epoxide hydrase-media ted metabolites are produced in
greatest amounts during the time period when covalent binding occurs in the
untreated animals. Thus we suggested that 3-MC induction protects from bromo-
benzene 's hepatotoxicity by inducing the epoxide hydrase enzyme to a greater
extent than the induction of the epoxide synthetase.

In an accompanying report we have presented kinetic evidence that bromo-
benzene epoxide is the hepatotoxic metabolite of bromobenzene which binds
covalently with liver protein. The present studies have used the same experi-
mental approach to examine the effect of 3-MC induction on the capacity of
the liver tissue to detoxify the bromobenzene epoxide.
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Methods Employed : The 9000 x _g supernatant fraction was prepared from
3-MC- induced rats and the glutathione depleted from the supernatant by titra-
.tion with diethyl maleate. As previously described, various amounts of
glutathione were added back to aliquots of the depleted supernatant and the
metabolic distribution of bromobenzene into its various metabolites was deter-
mined. Rat liver supernatant diluted 1:3 with potassium phosphate (0.05 M,
pH 7o4) was incubated aerobically at 37° for 10 min in the presence of NADPH
(1 nM) and bromobenzene- -^C (1 mM, 3 /iCi) . The procedures for fractionation
and quantitation of the various metabolites and the procedure for determina-
tion of the protein-bromobenzene conjugate have been described previously.

Major Findings : The 9000 x ^ supernatant fraction of liver from 3-MC-
induced rats rapidly metabolized bromobenzene. Kinetic comparison indicated
that 3-MC pretreatment had induced bromobenzene epoxide synthetase by a

factor of 2.5 (based on V^j^g^^) compared to that of the normal animal.

In the presence of high concentrations of glutathione (> 1.0 mM) , the

bromobenzene epoxide produced by the primary oxidation reaction was largely
conjugated with glutathione (Fig. 1). However, unlike the similar situation
in the normal rat liver supernatant (see accompanying report), approximately
207o of the epoxide produced was metabolized via hydration to bromophenyldi-
hydrodiol, indicating a higher steady-state activity of the epoxide hydrase
in 3-MC- induced rats compared to normal rats.

At low glutathione concentrations (< 0.1 mM) which limit epoxide-gluta-
thione transferase activity, the excess bromobenzene epoxide can be converted
to phenols, dihydrodiols , or covalently bound metabolites. For example, at
these low glutathiones, incubation of l^C-bromobenzene with normal and pheno-
barbital- induced rat liver supernatants led to extensive covalent binding of
bromobenzene epoxide to liver protein, suggesting that the epoxide hydrase
activity was insufficient to detoxify the excess epoxide. In the 3-MC- induced
animals, the activity of the epoxide hydrase is clearly enhanced relative to
the rate of epoxide synthesis and extensive covalent binding does not occur.

Experiments on urinary metabolites of bromobenzene have shown that2-bromo-
phenol, previously unrecognized as a urinary metabolite, is a major metabolite
in 3-MC-pretreated rats, a minor metabolite in normal rats, and a trace metabo-
lite in phenobarbital-pretreated rats. 2-Bromophenol is highly volatile and
readily lost from urinary extracts unless special care is taken to avoid its
evaporation. In the rat liver supernatant experiment described above (Fig. 1),
2-bromophenol represented 25% of the total metabolites when the concentration
of glutathione was high and increased to over 407o when glutathione was low.

Further experiments have shown that the bromophenyldihydrodiol fraction
obtained from the urine of 3-MC- induced rats is a mixture of the 2,3 and 3,4
isomers. These data indicate that the epoxide synthetase induced by 3-MC
leads to the formation of 2,3 bromobenzene epoxide as well as the 3,4 epoxide
produced in normal and phenobarbital- induced rats. An evaluation of the sig-
nificance of this alternate pathway of metabolism of bromobenzene for 3-MC's
protection against bromobenzene- induced hepatic necrosis must await an
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assessment of the chemical reactivity and alkylating potential of the 2,3
epoxide.

Significance to Biomedical Research and the Program of the Institute ;

The present studies, as well as the accompanying reports on bromobenzene-
induced hepatic necrosis, demonstrate the practicability of using a steady-
state kinetic approach to examine the factors which influence drug- induced
toxicity. The use of rat liver homogenates rather than isolated microsomes
allows the examination of the metabolism of the toxic compound under condi-
tions in which the relative concentrations of enzymes and cofactors more
closely approximate those occurring in the intact animal. The relationships
thus established may be tested in the intact animal using the pulse- labelling
technique described in previous reports.

The present studies confirm the role of 3,4 bromobenzene epoxide as the
hepatotoxic metabolite of bromobenzene. Toxicity is avoided when the hepato-
cytes possess an excess capacity to degrade the 3,4 bromobenzene epoxide,
relative to the rate of its production. These data emphasize that toxicity
results from an imbalance of metabolic processes. Assessment of the rate of !

production of a proposed toxic metabolite, without simultaneous assessment I

of the capacity of tissues to degrade the toxic metabolite, is of limited
value. Thus the extensive studies in the literature on benzpyrene metabolism
by various human tissues and the studies on the effect on benzpyrene metabo-
lism of cigarette smoking by pregnant women cannot be realistically inter-
preted until the capacities of the various tissues to further metabolize benz-
pyrene epoxide are also assessed.

Proposed Course of Project : These studies are being continued to assess
the chemical reactivity and alkylating potential of 2,3 bromobenzene epoxide.
In addition, the kinetic steady-state approach is being applied to the study
of acetaminophen and other drug- induced hepatotoxicity

.

Honors and Awards: None

Publications: None
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Total Metabolism

4-

Bromophenyl- glutathione

Broraophenyldihydrodiol

Bromobenzene-protein conjugate

1.0

Glutathione (niM) in reaction miKture

2.0

Metabolism of bromobenzene by the 9000 x _g supernatant of liver from 3-MC- in-

duced rats showing the capacity of bromobenzene epoxide hydrase (measured by the

formation of bromophenyldihydrodiol + bromocatechol) to protect liver protein

from alkylation by bromobenzene epoxide (bromobenzene-protein conjugate forma-

tion) under conditions of limiting glutathione (decreased bromobenzene epoxide-

glutathione conjugation). Experimental methods are given in text.
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\

Objectives : Bromobenzene is known to be metabolized by a P-450-dependent
hepatic mixed function oxidase to 3,4 bromobenzene epoxide, a common inter-
mediate that may be nonenzymically rearranged to 4-bromophenol, hydrated to

yield bromophenyldihydrodiol, or conjugated with glutathione as the first step
in mercapturic acid formation. The hydration and conjugation are catalyzed
by an epoxide hydrase and an epoxide-S-glutathione transferase, respectively.
The involvement of glutathione in the metabolism of 3,4 bromobenzene epoxide
suggested that glutathione might play a role in protection from bromobenzene-
induced liver necrosis.

Previous studies on bromobenzene- induced liver necrosis in rats have
shown that glutathione is extensively and rapidly depleted from the liver of
the intact animal during the metabolism of hepatotoxic doses of bromobenzene.
Further, phenobarbital pretrea tment, which enhances bromobenzene' s hepato-
toxicity, slows the rate of glutathione depletion. This apparent correlation
between bromobenzene ' s hepatotoxicity and depletion of glutathione from the
liver _in vivo was strengthened by the observations that simultaneous adminis-
tration of diethyl maleate (0.6 ml/kg) and bromobenzene (1 ml/kg) caused a

massive hepatic necrosis. Administration of this dose of diethyl maleate
alone to rats is known to cause extensive depletion of liver glutathione.
The present studies were undertaken to examine the role of glutathione in
bromobenzene- induced liver necrosis.

Methods Employed : The drug-metabolizing enz3mies of rat liver were in-
duced with phenobarbital (80 mg/kg, i.p., daily for 2 days) or inhibited with
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SKF 525-A (50 mg/kg, i.p., 6 hourly during the course of the experiment). For
the pulse label ' C-bromobenzene experiments, nonradioactive bromobenzene
(1.0 ml/kg) was administered i.p. in oil. Rats were killed at various time
intervals and the glutathione concentration in their livers was determined
as previously described. At various time intervals, l^C-bromobenzene

(10 lUmoles, 100 luCi) was injected intravenously into rats which had received
a 1.0 ml/kg dose of nonradioactive bromobenzene i.p. at the same time as the

rats used for the glutathione determination. Urinary metabolites were col-
lected for 16 hours, the rats were then killed and the amount of bromobenzene
covalently bound to liver protein was determined, as previously described.
The urinary metabolites of l^C-bromobenzene were fractionated and quantitated
as previously described. All other procedures have been described previously
or were standard pharmacological or biochemical methods.

Major Findings : The depletion of glutathione from the liver of rats
in vivo by bromobenzene is dependent on the metabolism of bromobenzene. Dose-
response studies in normal rats indicate that the initial rate of glutathione
depletion correlates with the rate of metabolism of bromobenzene. A similar
dependence on metabolism of bromobenzene has been shown for the initial rate
of glutathione depletion from the livers of phenobarbital and SKF 525-A-
treated rats.

Simultaneous administration of bromobenzene (1 ml/kg) and diethyl maleate
(0.6 ml/kg) depletes liver glutathione at a faster rate than either compound
does alone. This combination is known to cause massive hepatic necrosis.
This dose of diethyl maleate given alone does not cause recognizable hepatic
damage. In contrast, administration of cysteine (300 mg/kg, i.p.) at the
same time as bromobenzene (1 ml/kg, i.p.) blocks liver necrosis but does not
affect the initial rate of glutathione depletion from the liver. However,
cysteine treatment diminishes the extensive depletion of glutathione; deple-
tion averages about 607o in cysteine- treated rats compared with about 90% in
normal animals given the same dose of bromobenzene. These collective data
indicate that the rate of bromobenzene- induced glutathione depletion alone is

not an index of hepatotoxicity except insofar as it reflects the rate of
bromobenzene' s metabolism. Hepatotoxicity appears to depend on two factors:
a) the rate of production of the toxic metabolite and b) the essential removal
of glutathione from the liver.

Examination of the urinary metabolites of a nontoxic dose of bromobenzene
(10 umoles/kg) indicated that in normal rats about 15% of the administered
dose was conjugated with glutathione and excreted as the mercapturic acid.
In contrast, less than 507o of a toxic dose of bromobenzene (10 ramoles/kg) was
excreted as the mercapturic acid, suggesting that at some time during the

metabolism of the toxic dose glutathione became rate- limiting from the forma-
tion of the glutathione conjugate.

Pulse label C-broraobenzene studies (Fig. 1) indicated that the meta-
bolic disposition of bromobenzene epoxide is altered after glutathione was
depleted from the liver. Simultaneous determination of the extent of covalent
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binding of the pulse dose and the extent of glutathione conjugation (as mea-
sured by urinary mercapturic acid) indicated a reciprocal relationship. Co-

valent binding of bromobenzene to liver protein occurred only when the avail-

ability of glutathione in the liver severely limited epoxide-S-glutathione
transferase-catalyzed conjugation of the epoxide with glutathione.

As discussed more extensively in an accompanying report, conjugation of

3,4 bromobenzene epoxide with glutathione appears to be the preferred pathway
of "detoxification" in normal rats. Epoxide hydrase activity is limited and
cannot detoxify the epoxide at a sufficiently fast rate when the glutathione
concentration in the reaction mixture is rate- limiting for the transferase-
catalyzed glutathione conjugation. The resulting rise in the steady-state
level of epoxide leads to an increase in the nonenzymic rearrangement to

4-bromophenol and to the nonenzymic alkylation of liver protein. It is clear
that glutathione is essential for the dominant pathway of detoxification of

3,4 bromobenzene epoxide in normal rats. Failure of this pathway leads to

tissue protein-bromobenzene conjugate formation, which has previously been
implicated in the development of liver necrosis.

Significance to Biomedical Research and the Program of the Institute ;

The present studies in experimental animals detail the role of glutathione in

the metabolism of 3,4 bromobenzene epoxide, which other studies indicate to

be the hepatotoxic metabolite of bromobenzene. Liver necrosis occurs only
when the rate of production of the toxic metabolite overwhelms the glutathione
capacity of the hepatocytes. The significance of this observation for drug-
induced tissue lesions, such as acetaminophen- induced liver necrois, is pre-
sented in an accompanying report. Glutathione appears to play a fundamental
role in animals of protecting tissue proteins from alkylative attack by elec-
trophilic drug metabolites. In view of the widespread occurrence of idio-
syncratic drug reactions in man, it is important to assess the significance
of glutathione protection in man and to determine whether some genetic vari-
ants of man may show low glutathione protective capacities in tissues.

Proposed Course of Project : These studies will be continued to explore
the role of glutathione in a variety of drug- induced lesions, such as hemo-
lytic anemia, blood dyscrasias and kidney tubular necrosis.

Honors and Awards: None

Publications: None

I

/¥>



Serial No. NHLI- 42

L L

75

50

25

OL

5 10 15 20

HOURS AFTER BRCMOBENZENE (i.p.) ADMINISTRATION

B BRQMOPHENYIMERGAPTURIC ACID

Q COVALENTLY BOUND BRCMOBENZENE

la I

-i3

- 2

25

P CD

D w o
o g M
pq w a-
M

>H S bO
iJ w eH eq -^
la Oro
W 2 O
i-^l D .-1

<l Pi
> pq XOo e

a,

Effect of concentration of glutathione in the liver J^ vivo on the metabolism
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Project Title: Studies on drug- induced hemolytic anemia and
methemoglobinemia

Previous Serial Number: NHLI- 192

Principal Investigators: Dr. Gaetano Dl Chlara
Dr. David J. Jollow
Dr. Jerry R. Mitchell
Dr. James R. Gillette

Other Investigator: Mr. Kenneth Greene

Cooperating Unit: Dr. Mitchell Is a Research Associate In the Pharma-
cology-Toxicology Program, NIGMS

Project Description:

Objectives : Hemolytic anemia associated with glucose-6-phosphate dehy- '

drogenase deficiency is an example of a drug- Induced lesion associated with i

a genetic trait of man. Although a variety of clinical evidence is available
that drug metabolism is a necessary prerequisite for hemolytic anemia, little
is known about the nature of the metabolites, how they Interact with the red

blood cell and whether or not the metabolites exert their toxic effects by
covalent binding to cell constituents. A major handicap In these studies has

been the lack of a suitable _in vitro or _in vivo model system (apart from man
himself). The present studies were aimed at developing an _in vivo model
system which would allow examination of the relationship between metabolism
and hemolysis and, in addition, the relationship between hemolysis and the

formation of methemoglobin.

Methods Employed : Rat erythrocytes were Isolated, washed, and then

labelled with Cr^l by standard techniques. The Cr^l- labelled erythrocytes
were injected (l.v.) into normal rats or rats pretreated with 3-methylchol-
anthrene (20 mg/kg, l.p.), piperonyl butoxide (340 mg/kg, l.p.), or bis-nitro-
phenylphosphate (BNPP) (100 mg/kg, l.p.). The half-life was determined on i

serial samples of blood using a well counter. Various doses of acetanillde,
£-chloroacetanilide, ^-hydroxyacetanilide (acetaminophen), £-ethoxyacetanllide
(phenacetln) and the deacetylated analogues, £-chloroaniline and ^-phenetidine
were administered Intraperltoneally. Total hemoglobin, methemoglobin, sulfo-

hemoglobln and free heme were measured by standard procedures.
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Major Findings : Cr tagged erythrocytes show a half-life of 10 days on
administration to otherwise untreated rats. On administration of acetanilide
and related analogues (^-chloroacetanilide, _2-phenetidine and ^-chloroaniline)
to such rats, a statistically significant, dose-response related decrease in

the half- life of the tagged erythrocytes was demonstrated. These data indi-
cate that the events leading to drug- induced hemolysis may be studied in an
in vivo model system and hence the influence of metabolism on hemolysis may
be assessed,

Pretreatment of rats with 3-methylcholanthrene significantly decreased
the severity of hemolysis caused by acetylated aniline compounds, such as

acetanilide and ^-chloroacetanilide, but not the non-acetyla ted analogue
(£-chloroaniline) . Similarly, BNPP, a known inhibitor of deacetylation, com-
pletely blocked the hemolysis caused by the acetylated compounds but not the

non-acetylated analogues. ^-Hydroxyacetanilide, which is not deacetylated
in vivo (as judged by urinary metabolite data), did not cause hemolysis even
at doses as high as 1 g/kg body weight. These data indicate that deacetyla-
tion is an obligatory step in the metabolic pathway leading to hemolysis
caused by acetanilide-related drugs.

Studies on drug- induced methemoglobin formation by acetanilide and re-

lated compounds have indicated that this toxic pathway also depends on metabo-
lism and involves deacetylation. Thus 3-methylcholanthrene pretreatment
decreases £-chloroacetanilide- induced methemoglobin but increases the methemo-
globin formation by non-acetylated analogues (£-phenetidine) . Piperonyl butox-
ide inhibits the metabolism of acetanilide-related drugs and decreases their
methemoglobin formation. Similarly, BNPP inhibits the deacetylation reaction
and blocks the methemoglobinemia induced by the acetylated compounds, such as

acetanilide and ^-chloroacetanilide

.

Significance to Biomedical Research and the Program of the Institute :

These data demonstrate that drug- induced hemolysis may be studied in the

intact animal. The use of pretreatments to modify the activity of the hepatic
drug-metabolizing enzymes, as described in other reports from this laboratory,

allows the examination of the relationship between metabolism of the drugs

and the mechanisms of hemolysis and methemoglobin formation.

Proposed Course of Project : The present studies will be continued to

examine the effect of other pretreatments, such as phenobarbital and cobaltous

chloride, in order to better define the nature of the metabolic pathways lead-

ing to the formation of the toxic metabolite.

Honors and Awards: None

Publications: None
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Project Title: Indomethac in- induced ulceration of the gastro-
intestinal tract

Previous Serial Number: NHLI-217

Principal Investigators: Dr. Gaetano Di Chiara
Dr. Jerry R. Mitchell
Dr. David J. Jollow
Dr. James R. Gillette

Other Investigator: Mr. Kenneth Greene

Cooperating Unit: Dr. Mitchell is a Research Associate in the Pharma-
cology-Toxicology Program, NIGMS

Project Description:

Objectives : Gastrointestinal ulcerations are produced by all anti-
inflammatory drugs. This liability is so great that the most effective drugs
such as indomethacin and phenylbutazone currently are restricted to patients
with advanced rheumatoid or osteoarthritis or to short-term treatment of
acute episodes of gouty arthritis.

Recently, the intestinal ulcerations produced by indomethacin in rats
and dogs were shown to be prevented by ligation of the common bile duct.
This suggests that metabolism of indomethacin by the liver may be responsible
for the intestinal lesions. Since indomethacin and not a metabolite is the
active anti- inflammatory agent, the possibility of preventing indomethacin'

s

intestinal toxicity by altering its metabolism without decreasing its anti-
inflammatory action has obvious clinical implications. Accordingly, we have
attempted to define the mechanism of indomethacin- induced ulcerations of the
intestine.

Methods Employed : Indomethacin (4-12 mg/kg, s.c, daily) was adminis-
tered to normal rats and to rats treated concomitantly with piperonyl butox-
ide (340 mg/kg, s.c, twice daily) to inhibit metabolism or to rats pretreated
with 3-methylcholanthrene (20 mg/kg, i.p., daily for two days) to induce drug
metabolism. Two techniques were used to evaluate ulceration: The one usu-
ally used by most workers is to count the number of adhesions between the
omental membrane and the gastrointestinal tract. In addition, we have also
counted the number of translucent areas found along the intestine; low power
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microscopic examination of the intestine had previously established that the
brown translucent areas reflected areas of advanced ulceration. Metabolism
of indomethacin- C in vivo was measured by standard pharmacological pro-
cedures .

Major Findings : Piperonyl butoxide treatment of rats significantly in-

hibited the metabolism of indomethacin _in vivo and thus plasma levels of the

drug were maintained for a relatively long time. Conversely, 3-methylchol-
anthrene pretreatment of the rats significantly enhanced _in vivo metabolism
and promoted a rapid disappearance of the drug from the plasma.

The piperonyl butoxide treatment completely blocked the indomethacin-
induced ulceration as judged by the usual perforation-adhesion criteria.
However, when judged on the basis of the number of ulcers in the intestine
(recognized as brown translucent areas), piperonyl butoxide was found to
potentiate indomethacin- induced ulceration.

3-Methylcholanthrene pretreatment modestly potentiated indomethacin-
induced ulceration as judged by the perforation-adhesions criteria but dra-

matically protected when judged by the number of brown translucent ulcerated
areas in the intestine.

Since the anti- inflammatory action of indomethacin is due to the parent
drug and not a metabolite, the apparent contradictions in the above data may
be explained in terms of the anti- inflammatory action of indomethacin. Thus
in piperonyl butoxide- treated animals, the prolonged high plasma levels of
indomethacin enhances the anti- inflammatory action of a given dose of indo-
methacin and hence suppresses the adhesion phenomena. Conversely, the low
plasma levels of indomethacin in 3-methylcholanthrene- treated animals produce
less anti- inflammatory activity, resulting in a greater number of adhesions,
even though the actual number of ulcerated areas is appreciably less than
that which occurs in a normal rat given the same dose of indomethacin.

Significance to Biomedical Research and the Program of the Institute :

Intestinal ulceration is a common side effect produced by anti- inflammatory
drugs, such as phenylbutazone and indomethacin. However, the method of

assessment of extent and severity of drug- induced ulceration, which has been
used by most workers in this area, is dramatically influenced by the anti-
inflammatory properties of the drugs. It is clear from the present data that
treatments which influence the plasma concentration of the drugs can profoundly
influence the appearance of ulceration without actually affecting the toxico-
logical mechanism which underlies formation of the ulcer.

Proposed Course of Project : These studies have been terminated.

Honors and Awards: None

Publications None
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Project Title:

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Acetaminophen- Induced toxicity. I. Acetaminophen-
induced hepatic necrosis

Previous Serial Number: None

Principal Investigators:

Other Investigator:

Cooperating Unit:

Project Description:

Dr. Jerry R. Mitchell
Dr. David J. Jollow
Dr. William Z. Potter
Dr. Donald C. Davis
Dr. James R. Gillette

Mr. Kenneth Greene

Drs. Mitchell, Potter and Davis are Research Associ-
ates in the Pharmacology-Toxicology Program, NIGMS

Objectives : Acetaminophen, a commonly used analgesic, shows a very low
incidence of untoward side effects when used in therapeutic doses. However,
several recent reports indicate that large overdoses in man and experimental
animals cause fulminant hepatic necrosis and renal tubular damage. The
present studies were undertaken to determine 1) whether the severity of
hepatic necrosis was related to the dose of acetaminophen, and 2) whether the
hepatic necrosis was due to a metabolite of acetaminophen or to the parent
drug.

Methods Employed : Mice and rats received acetaminophen (i.p.) in doses
ranging from 100 mg/kg to 1.5 g/kg. The animals were killed 48 hr later and
sections of liver removed for histological examination. To examine the role
of drug metabolism in development of liver necrosis, the hepatic drug-metabo-
lizing enzymes were induced by pretreatment with either phenobarbital (80
mg/kg daily for 3 days, i.p.) or 3-methylcholanthrene (20 mg/kg, 12 hourly
for 3 doses), or inhibited with piperonyl butoxide (340-1300 mg/kg^ prior to
the i.p. administration of ring- labelled acetaminophen- %. In other experi-
ments the animals were pretreated with cobaltous chloride (60 mg/kg s.c. for
2 days) to inhibit the synthesis of liver cytochrome P-450 and hence decrease
the activity of cytochrome P-450 dependent drug metabolism in the liver.
Acetaminophen-^H concentration in plasma, tissue homogenates, and whole body
metabolites were determined by solvent extraction and liquid scintillation
spectroscopy.
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Major Findings : The occurrence of hepatic necrosis was dose-dependent.
Mice showed no damage at doses of 150 mg/kg acetaminophen, focal centrilobu-
lar necrosis after 300 mg/kg, extensive centrilobular necrosis after 500
mg/kg and a massive necrosis involving adjacent lobules after 750 mg/kg.
Rats showed no hepatic damage by acetaminophen after doses of 1000 mg/kg.
Focal necrosis occurred occasionally after 1500 mg/kg. Higher doses of acet-
aminophen caused death within a few hours of administration, apparently from
acute central nervous system intoxication.

Induction of hepatic drug-metabolizing enzymes by prior administration
of phenobarbital to rats caused an increasec rate of disappearance of acet-
aminophen from plasma, liver and from the whole carcass, whereas treatment of
rats with piperonyl butoxide significantly slowed the disappearance of acet-
aminophen. Piperonyl butoxide caused a similar inhibition of acetaminophen
metabolism in mice. Phenobarbital pretreatment of mice failed to alter the
rate of metabolism of acetaminophen _in vivo from that in untreated animals,
although it did significantly increase the cytochrome P-450 content of the
liver.

Pretreatment of rats and mice with phenobarbital dramatically increased
the severity of acetaminophen- induced hepatic necrosis. The dose of acet-
aminophen necessary to cause hepatic damage in phenobarbital- induced animals
was 507o or less than that necessary to cause equivalent damage in untreated
animals. In rats induction of the hepatic drug-metabolizing enzymes with
3-methylcholanthrene caused a similar enhancement of acetaminophen- induced
liver toxicity. In contrast, pretreatment of animals with cobaltous chloride
or piperonyl butoxide prevented the necrosis produced by acetaminophen.

Significance to Biomedical Research and the Program of the Institute :

These results clearly indicate that drugs may be metabolized in animals to
more toxic compounds. Increased toxicity appears to result from the activity
of the hepatic cytochrome P-450 dependent drug-metabolizing enzymes normally
concerned with "detoxification." The data also indicate that acetaminophen-
induced necrosis is a dose-dependent phenomenon. The experimental procedures
established by this laboratory on model compounds are applicable to the
investigation of the biochemical basis of acetaminophen- induced toxicity.

Proposed Course of Project : The present studies are being extended to
examine the hepatotoxicity of structural analogues of acetaminophen as well
as a variety of other drugs.

Honors and Awards: None \

Publications: Mitchell, J. R. and Gillette, J. R, : Drug-chemical inter-
actions as a factor in environmentally induced disease,
in Multiple Factors in the Causation of Environmentally
Induced Disease , D. H. K. Lee, ed. , Fogarty Series of
background documents for U. N. Conference on the Human
Environment, in press, 1972.
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Brodie, B. B. and Mitchell, J. R.: The value of corre-
lating biological effects of drugs with plasma concentra-
tion, in Biological Effects of Drugs in Relation to their
Plasma Concentrations , C. T. Dollery, ed., British Pharma-
cological Society Symposium, in press, 1972.

Mitchell, J. R,. and Brodie, B. B.: Methodology in Clin-
ical Pharmacology--Introduction. International Meeting
of Medical Advisers in the Pharmaceutical Industry,
April 18-20, London, in press, 1972.
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Project Title: Acetaminophen- induced toxicity. II. Role of cova-

lent binding in vivo in acetaminophen- induced
necrosis

Previous Serial Number: None

Principal Investigators: Dr. David J. Jollow
Dr. Jerry R. Mitchell
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Mr. Kenneth Greene

Drs. Mitchell, Potter and Davis are Research Associ-
ates in the Pharmacology-Toxicology Program, NIGMS

Objectives : It is thought that chemically reactive metabolites account
for the carcinogenic effects of a variety of chemically inert substances,
such as dialkylnitrosoamines , azo dyes, 2-acetylaminofluorene and polycyclic
hydrocarbons, as well as the liver necrosis caused by inert compounds, such

as carbon tetrachloride, dimethylnitrosoamine and halobenzenes. These tissue
lesions are believed to result as a consequence of the binding to the chem-

ically reactive metabolites to tissue macromolecules . As shown in an accom-
panying report, the liver necrosis which occurs in experimental animals after
large doses of acetaminophen results from the action of a metabolite of acet-

aminophen rather than the parent drug. The present studies were undertaken
to determine 1) whether covalent binding of acetaminophen to liver macromole-
cules occurred _in vivo , and 2), if so, whether the extent of covalent binding
could be correlated with the severity of liver necrosis.

Methods Employed : Male, NIH stock mice were injected i.p. with acet-

aminophen-3H (375 mg/kg, 0.5 mc/mouse) . The mice were killed at various time
intervals and a section of liver taken for histological examination and for

radioautography. For autoradiography, dehydrated, fixed, paraffin-embedded
sections (6 jum thick) were stained with PAS and coated with Kodak NTB-3 emul-

sion. The sections were developed in the dark for 2-3 weeks at 4° and fin-

ally counters tained with hematoxylin. The remainder of the liver was
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homogenized in 3 volumes of saline. The protein in an aliquot was precipi-
tated with TCA, then resuspended and washed three times with 0.6 M TCA. The
protein was then extracted with 857o methanol until no further radioactivity
could be removed. The pellet was dissolved in 1 N NaOH and aliquots taken
for liquid scintillation spectroscopy and for protein determination. Results
were expressed as nmoles acetaminophen bound per mg protein. To demonstrate
that the bound acetaminophen- ^H was covalently linked to amino acid residues,
aliquots were digested exhaustively with pronase at pH 7.4. The dinitro-
f luorobenzene derivatives of the amino acids and peptides were prepared by
standard procedures. The solution (pH 9.0) was extracted 3 times with 4 vol-
umes of ethyl acetate, then acidified to pH 1 and re-extracted 3 times with
4 volumes of ethyl acetate. Control tubes were treated similarly except that
the dinitrof luorobenzene reagent was omitted. Other techniques were standard
biochemical and pharmacological procedures.

Ma jor Findings : When administered to mice, acetaminophen-^H (400 mg/kg,
0.5 mc , i.p.) was bound irreversibly to hepatic macromolecules . Tissue frac-

tionation studies revealed that proteins of the endoplasmic reticulum con-
tained the highest concentration of bound radioactivity. The bound radio-
activity could not be extracted from proteolytic digests of the liver protein
unless the dinitrofluorobenzene derivatives of the liberated amino acids were
prepared and the solution then acidified to pH 1. These data demonstrate
that the bound acetaminophen was covalently linked to amino acid residues.

Autoradiographic studies indicated that the covalently bound acetamino-
phen was largely located in the centrilobular region of the liver. The loca-
tion of the covalently bound acetaminophen was largely restricted to the area
of hepatic damage.

Time studies on the onset of covalent binding indicated that the binding
reaction showed a distinct lag period. Little binding occurred for the first
45 minutes after acetaminophen administration. Binding then increased
rapidly, reached a maximum by 2 hours, and then fell very slowly during the
subsequent 24 hours. Determination of the rate of absorption of acetaminophen
in the same mice indicated that the uptake of the drug was rapid; maximal
liver concentrations of acetaminophen were reached within 10 minutes of

administration. Approximately 607o of the acetaminophen in the liver had been
eliminated before the binding reaction entered the rapid phase described above.

The correlation between covalent binding of acetaminophen to liver pro-
teins and liver necrosis was strengthened by the observation that pretreat-
ments of mice which modified acetaminophen' s hepatotoxicity also modified
the extent of covalent binding _in vivo . Thus phenobarbital pretreatment (80
mg/kg, daily for 3 days), which increases hepatotoxicity, increased the amount
of covalently bound drug. On the other hand, treatment of mice with piperonyl
butoxide (340 mg/kg, i.p.), which prevents necrosis, markedly decreased cova-
lent binding. Similarly, cobaltous chloride pretreatment (60 mg/kg, s.c,
daily for 2 days), which also prevents necrosis, also markedly decreased cova-

lent binding.
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Similar correlations may be drawn between the amount of acetaminophen
bound to liver protein _in vivo and the activity of the hepatic drug-metabo-
lizing system in vivo . Phenobarbital pretreatment and piperonyl butoxide
treatment enhance and block, respectively, the hepatic drug-metabolizing
enzymes. Cobaltous chloride suppresses the synthesis of hepatic cytochrome
P-450 and hence lowers the activity of hepatic cytochrome P-450-mediated drug
metabolism.

Significance to Biomedical Research and the Program of the Institute :

These data demonstrate that acetaminophen is metabolized _in vivo to a chem-

ically reactive derivative which binds covalently to liver protein. The
observation that both the acetaminophen- induced necrosis and the covalent
binding are localized in the centrilobular region of the liver demonstrate
the close relationship between these two phenomena. Both phenomena appear
to be dependent on the activity of the hepatic drug-metabolizing enzymes
localized in the endoplasmic reticulum of hepatocytes. Thus the covalent
binding reaction and the toxicity of acetaminophen may be dramatically altered
by environmental factors (e.g. induction, inhibition, drug-drug interactions)
which influence the activity of the hepatic drug metabolism system. Covalent
binding of acetaminophen to liver macromolecules may underlie the sometimes
fatal liver necrosis seen in man after overdosage.

Proposed Course of Project : These studies are being extended to include
structural analogues of acetaminophen as well as other drugs. In addition,
the same experimental approach is being applied to the study of extrahepatic
lesions, such as hemolytic anemia, methemoglobinemia, and tubular necrosis of

the kidney.

Honors and Awards: None

Publications: None
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Project Description:

Objectives : We have demonstrated that the centrilobular hepatic necrosis
induced in rats and mice by acetaminophen is due to a toxic metabolite of
acetaminophen which reacts with tissue macromolecules to form a covalently
linked acetaminophen-protein conjugate. A direct correlation has been found
in vivo between the extent of covalent binding and the severity of hepatic
necrosis. The present studies were undertaken to determine 1) whether the
covalent binding reaction would occur _in vitro as a consequence of metabolism
of acetaminophen by liver microsomes, and, if so, 2) whether the extent of
covalent binding _in vitro correlated with the severity of necrosis _in vivo ,

and 3) whether covalent binding _in vitro could be used to explore the nature
of the enzyme pathway responsible for toxicity.

Methods Employed : Microsomes from the livers of rats and mice were pre-
pared by standard procedures, washed twice and then incubated at 37° with vari-
ous concentrations of acetaminophen- ^H in the presence of NADPH (0.5 iriM)

,

potassium phosphate (1 niM, pH 7.4) and molecular oxygen. The extent of cova-
lent binding of acetaminophen- H to microsomal protein was determined after
exhaustive solvent extraction by liquid scintillation spectroscopy, as
described in another report.

Major Findings : Acetaminophen was metabolized by liver microsomes to a

chemically reactive compound which binds irreversibly with the microsomal
protein. The proteolytic digestion-dinitrofluorobenzene procedure, described

1 /S^



Serial No . NHLI- 47

in another report, indicated that the metabolite was linked covalently to the
amino acid residues.

The reaction was found to be linear with time (for 15 minutes) and enzyme
concentration (up to 2 mg microsomal protein/ml) and to depend on the concen-
tration of acetaminophen in the reaction media. Subsequent experiments were
performed within these limits so that comparisons made as to the effects of
various treatments would be kinetically valid.

The binding reaction was abolished by prior heat denaturation of the

microsomal enzymes and by the omission of either NADPH or molecular oxygen
from the reaction mixture. The reaction was extensively inhibited (ca 60-

70%) by a carbon monoxide: oxygen (9:1) atmosphere and by piperonyl butoxide.
Treatment of rats with C0CI2 (60 mg/kg, s.c, daily for 2 days) to reduce the
cytochrome P-450 content of the microsomes, also extensively inhibited the

microsomal binding reaction. These data indicate that the binding of acet-
aminophen to microsomal protein _in vitro is catalyzed by a cytochrome P-450-
requiring mixed function oxidase located in the microsomal membrane. Sulf-
hydryl reagents such as cysteine and glutathione completely blocked the

covalent binding of acetaminophen to the microsomal protein, indicating that
the toxic metabolite is electrophilic in nature.

Pretreatments of animals which modify the severity of acetaminophen-
induced necrosis _in vivo show similar effects on the microsomal-catalyzed
covalent binding reaction of acetaminophen _in vitro . Thus phenobarbital (80
mg/kg, i.p., daily for 3 days) and 3-methylcholanthrene (20 mg/kg, i.p.,
daily for 2 days) pretreatments, which potentiate acetaminophen- induced necro-
sis _in vivo , markedly induced the microsomal enz3nTie(s) responsible for the

covalent binding reaction _in vitro . On the other hand, pretreatments such as

C0CI2, which block necrosis in vivo , decreased the activity of the enzyme(s)
responsible for microsomal-catalyzed covalent binding _in vitro . Kinetic
analysis of the binding reaction catalyzed by microsomes from phenobarbital,
3-methylcholanthrene and CoCl2-pretreated animals indicated that these treat-
ments did not change the apparent K^ of the reaction, suggesting that the
treatments did not change the nature of enzymes responsible for metabolic
activation of acetaminophen.

The hepatotoxicity of other N-arylacetamides, such as 2-acetylamino-
fluoirene, is generally accepted to be mediated via activation to the N-hydroxy
derivative and subsequent binding of the N-hydroxy derivative to tissue macro-
molecules. In comparison studies, the conditions required for optimal binding
of acetaminophen to protein appear to be identical to those required for

optimal binding of 2-acetylaminofluorene to protein. These data suggest that

the toxic metabolite of acetaminophen may also be the N-hydroxy derivative.

Significance to Biomedical Research and the Program of the Institute :

These results indicate that acetaminophen is metabolized _in vitro by micro-
somes to a chemically reactive derivative, probably N-hydroxy acetaminophen,
which can alkylate the side chains of amino acids of tissue protein.
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Pretreatments of the animals which enhance or block necrosis Jji vivo have
similar effects on the microsomal-catalyzed covalent binding reaction as mea-
sured _in vitro . Thus _in vitro covalent binding may be used as an experimental
system for the exploration of possible pathways leading to liver necrosis
in vivo . Preliminary studies suggest that N-hydroxylation of acetaminophen
may account for the toxicity of this drug.

Proposed Course of Project : Covalent binding _in vitro will be used as a

quantitative assessment of the formation of the toxic metabolite of acetamino-
phen and other drugs. This parameter will allow definition of the factors
concerned in both synthesis and degradation of the toxic metabolite.

Honors and Awards: None

Publications: None
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1. Chemical Pharmacology
2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Acetaminophen- induced toxicity. IV. Species varia-
tions in the acetaminophen- induced hepatic necrosis
and covalent binding

Previous Serial Number: None

Principal Investigators: Dr. Donald C. Davis
Dr. Jerry R. Mitchell
Dr. David J. Jollow
Dr. William Z. Potter
Dr. James R. Gillette

Other Investigator: Mr. Kenneth Greene

Cooperating Unit: Drs. Mitchell, Potter and Davis are Research Associates in

the Pharmacology-Toxicology Program, NIGMS

Project Description:

Objectives : The use of species differences in drug metabolism for eluci-
dating pharmacological and toxicological mechanisms is well established.
These studies were undertaken to determine whether species differences could
be exploited for study of acetaminophen- induced liver necrosis.

Methods Employed : The microsomal fraction of the liver of the various
species were isolated by standard procedures. For each species, various con-
centrations of H-acetaminophen were incubated in the presence of microsomal
fraction (1.5 mg protein/ml), potassium phosphate (0.05 M, pH 7.4), NADPH
and a NADPH- genera ting system. The reaction was shaken at 37° for 15 minutes
in the presence of air. Covalently bound acetaminophen-% was determined by

liquid scintillation spectroscopy after exhaustive solvent extraction. To
determine susceptibility to acetaminophen- induced liver necrosis, each species
received acetaminophen (i.p.) in doses ranging from 150 to 1500 mg/kg. The
livers were removed 48 hours later, sectioned and prepared for histological
examination by standard procedures.

Major Findings : All the species tested showed some evidence of liver
damage in response to large doses of acetaminophen. However, the species dif-
fered markedly in their susceptibility to acetaminophen- induced liver damage.
Mice and hamsters developed focal necrosis after doses of 200 mg/kg and showed

/S-7
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extensive necrosis after 400 mg/kg. In contrast, guinea pigs and rabbits
required doses in excess of 1000 mg/kg to develop focal necrosis. Rats were
even more resistant to acetaminophen- induced damage; doses of 1500 mg acet-
aminophen/kg caused only minimal focal necrosis in a small percentage of the

animals

.

Comparison of the kinetic parameters of the covalent binding of acet-

aminophen-% to liver microsomes ±n vitro (described in another report) re-

vealed that the reaction as catalyzed by mice and hamster liver microsomes
showed a K of 0.3-0.5 irM and a V^^^g^ of 0.2 nmole/min/mg protein. Microsomes
derived from guinea pig and rabbit liver also showed a Km of 0.5 mM but the

^max ^'^^ ^^^ covalent binding reaction was appreciably lower (0.05 nmole/min/
mg protein). Rat liver microsomes also showed a low V^j^^^ of the binding
reaction (0.03 nmole/min/mg protein). However, in addition, the K of the

reaction (12 mM) was 20-30 times higher than that found for the other species.

Significance to Biomedical Research and the Program of the Institute ;

These data confirm earlier studies demonstrating a close relationship between
covalent binding of acetaminophen to liver protein and the severity of acet-

aminophen- induced liver necrosis in vivo . Covalent binding _in vitro appears
to be a reliable index to predict the severity of the acetaminophen- induced

liver damage _in vivo .

Proposed Course of Project : Species variation will be exploited to

examine the relationship between the metabolic pathway(s) producing the toxic
metabolite and the mechanisms available to the animal for detoxification.

Honors and Awards: None

Publications: None
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Serial No. NHLI- 49
1. Chemical Pharmacology
2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Acetaminophen- induced toxicity. V. Role of gluta-
thione in acetaminophen- induced liver necrosis

Previous Serial Number: None

Principal Investigators: Dr. Jerry R. Mitchell
Dr. David J. JoHow
Dr. William Z. Potter
Dr. James R. Gillette

Other Investigator:

Cooperating Unit:

Project Description:

Mr. Kenneth Greene

Drs. Mitchell and Potter are Research Associates in

the Pharmacology-Toxicology Program, NIGMS

Objectives : Previous studies (NHLI-222) on bromobenzene- induced liver

necrosis in rats have shown that endogenous hepatic glutathione normally pro-

tects the tissue from the necrotic action of bromobenzene. Necrosis occurs
only when the glutathione protective capacity is overwhelmed. Studies both
in vivo and _in vitro have shown that glutathione blocks the covalent binding
of the reactive metabolite of bromobenzene to liver protein, by acting as an
alternate nucleophile for the reactive electrophilic metabolic intermediate.
We have demonstrated that the hepatic necrosis induced by the analgesic,
acetaminophen, is also due to an active metabolite and that this metabolite
binds covalently to liver proteins both _in vivo and _in vitro . The present
studies were undertaken to determine whether glutathione performs a similar
function of protecting liver tissue from acetaminophen- induced necrosis.

Methods Employed : To investigate the role of liver glutathione in acet-

aminophen- induced liver necrosis, the amount of glutathione in the liver of

the intact animal was varied by pretreatment of the mice and rats with either
diethyl maleate (0.6 ml/kg) or cysteine (300 mg/kg) immediately prior to the

administration of acetaminophen. Diethyl maleate causes up to 90% depletion
of glutathione from the liver without affecting the rate of metabolism of

acetaminophen. Cysteine is a precursor of glutathione and hence acts to pro-

mote resynthesis. The mice and rats were killed 48 hours later and sections
of their livers prepared for histological examination. Liver glutathione
was estimated using Ellman's reagent. All other techniques have been
described previously.
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Major Findings : Endogenous liver glutathione was rapidly depleted by
hepatotoxic doses of acetaminophen; about 907o of the initial glutathione was
lost from the liver of mice within 60 minutes of administration of the drug
(400 mg/kg, i.p.)- The glutathione conjugate of acetaminophen was found to

be excreted into the bile and eventually appears in the urine as the mercap-
turic acid. The amount of mercapturic acid metabolite excreted in the urine
largely accounts for the amount of glutathione which was lost from the liver.

Phenobarbital pretreatment (80 mg/kg, i.p., daily for 3 days), which
increases the severity of acetaminophen- induced liver necrosis, increased the
rate of disappearance of glutathione from the liver after acetaminophen
administration. Conversely, piperonyl butoxide and cobaltous chloride pre-
treatraents, which block the liver necrosis, also prevented the extensive loss
of glutathione.

Pretreatment of rats and mice with diethyl maleate (0.6 ml/kg) to deplete
endogenous glutathione dramatically potentiated the severity of acetaminophen-
induced necrosis. Doses of acetaminophen, such as 150 mg/kg, which cause no
necrosis in normal mice, caused extensive to massive necrosis in diethyl
maleate-treated mice. Diethyl maleate alone caused no discernible hepatic
damage. Conversely, pretreatment of mice with cysteine dramatically decreased
the liver damage. Thus 500 mg/kg of acetaminophen causes extensive necrosis
in normal mice but did not damage the liver of mice treated with cysteine
(300 mg/kg).

The microsomal fraction of mouse and rat liver has been shown to cata-
lyze conversion of acetaminophen to a metabolite which then binds covalently
with the microsomal protein. The microsomal covalent binding reaction was
found to be completely blocked by sulfhydryl reagents, such as glutathione
and cysteine.

Studies on the time dependence of covalent binding _in vivo of acetamino-
phen to liver protein, reported elsewhere, showed a distinct lag phase of
about 45 minutes before covalent binding occurred to any appreciable extent.
Approximately 60% of the administered acetaminophen had been eliminated from
the liver before the covalent binding reaction became rapid. Comparison of

the rate of depletion of glutathione from the liver following acetaminophen
administration indicated that this lag period coincided with the time neces-
sary for depletion of glutathione from the liver.

Dose-response studies in mice on the acetaminophen- induced necrosis and
on the depletion of glutathione from the liver showed a similar correlation.
Mice receiving doses of acetaminophen not sufficiently large to cause exten-
sive depletion of liver glutathione did not show discernible liver damage.
Hepatic damage occurred in mice only when the dose of acetaminophen was suf-

ficient to deplete extensively the initial glutathione content of the liver.

Significance to Biomedical Research and the Program of the Institute :

There appears to be a clear correlation between the glutathione capacity of
the liver of experimental animals and their capacity to resist covalent
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binding of acetaminophen and acetaminophen- induced liver necrosis. These data,

coupled with similar findings for bromobenzene- induced liver necrosis, indi-

cate that glutathione fulfills a central role in hepatocytes of protecting
tissue protein from alkylative attack by chemically reactive metabolites of

drugs. We hypothesize that glutathione may perform a similar function in man.

This fundamental role of glutathione may explain why drugs such as acetamino-
phen are safe when taken in normal therapeutic doses but cause extensive and
sometimes fatal necrosis of the liver when taken in larger quantities. Con-

versely, variation in the liver level or the rate of synthesis of glutathione
in man may underlie some adverse idiosyncratic drug reactions and drug-drug
interactions

.

Proposed Course of Project : Studies will be continued on experimental
animals to define further the nature and scope of the glutathione protective
mechanism. The studies will also be extended to determine whether glutathione
performs a similar protective function in man and, if so, whether the capacity
of the glutathione protection can be exceeded in individuals (such as G-6-P-
dehydrogenase deficient individuals) who may have difficulty in maintaining
stores of reduced glutathione.

Honors and Awards: None

Publications: None
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1. Chemical Pharmacology
2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Acetaminophen- induced toxicity. VI. Role of

metabolism of acetaminophen

Previous Serial Number: None

Principal Investigators: Dr. Snorri Thorgeirsson
Dr. David J, Jollow
Dr. Jerry R. Mitchell
Dr. James R. Gillette

Other Investigators: None

Cooperating Unit: Dr. Mitchell is a Research Associate in the Pharma-
cology-Toxicologh Program, NIGMS

Project Description:

Objectives : ¥e have demonstrated that the centrilobular hepatic necro-

sis induced in rats and mice by acetaminophen is due to an active metabolite

of acetaminophen which reacts with tissue macromolecules to form a covalently

linked acetaminophen-protein conjugate. Parallel in vitro studies have sug-

gested that N-hydroxylation of acetaminophen may be involved in the toxic

pathway. Accordingly, we have undertaken an examination of the metabolism
of acetaminophen in rats.

Methods Employed : Rats received acetaminophen- H i.p. in doses ranging

from 100 mg/kg to 1.5 g/kg. In some experiments the animals received '-'^C-

cysteine, C-glycine, or •'• C-glutamate simultaneously with nonradioactive
acetaminophen. Urine was collected over dry ice for 60 hours. In other

experiments, the bile duct was cannulated and bile collected for up to 4

hours. The metabolites were fractionated by paper chromatography with and

without prior digestion with glucuronidase and ethereal sulfa tase. All other

techniques were standard pharmacological or biochemical procedures.

Major Findings : The major urinary metabolites found after the adminis-

tration of acetaminophen to rats were the glucuronide (227o of administered
dose) and ethereal sulfate (20% of dose), both conjugated through the £-hy-
droxy group. Free acetaminophen also appeared in the urine (207o of dose).

Other metabolites, tentatively identified, include the mercapturic acid (l-57o

of dose) and N-hydroxyacetaminophen glucuronide (l-37o of dose). 3-Hydroxy-
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acetaminophen, an expected metabolite, was not detected. The total recovery
of the acetaminophen-^H was never greater than 757o of the administered dose.

Paper chromatographic analysis of bile obtained after administration of

^H-acetaminophen to rats revealed three major fractions containing radiolabeled
metabolite. Fraction 1 was also labelled if nonradioactive acetaminophen and
either I'^C- cysteine, I'^C-glycine, or I'^C-glutamate were administered. Thus,
Fraction 1 has been tentatively identified as the glutathione conjugate.
Fraction 2 was digestable with glucuronidase, but not ethereal sulfatase, to

yield acetaminophen. However, this peak also contained material which, after
digestion, gave a positive test for hydroxamic acid with ferric chloride.
Hence it is likely that this fraction contains the N-hydroxy metabolite of

acetaminophen. The third fraction appears to consist of free acetaminophen.
Since acetaminophen (MW 150) is below the molecular size normally considered
necessary for biliary excretion, it is possible that this peak represents a

breakdown product of some other metabolite originally excreted into the bile.

The amounts of glutathione conjugate and N-hydroxyacetaminophen glucuro-
nide excreted into the bile are commensurate with the amounts of acetamino-
phen-mercapturic acid and N-hydroxyacetaminophen eventually appearing in the

urine. Thus, unlike the analogous situation with other N-arylacetamides , such
as 2-acetylaminof luorene, extensive degradation of these metabolites may not
occur during enterohepatic circulation.

Significance to Biomedical Research and the Program of the Institute ;

The present studies have defined the major metabolites appearing in bile and
urine after hepatotoxic doses of acetaminophen. It is apparent that the major
pathway of metabolism is not involved in formation of the reactive toxic
metabolite. Currently available methods of detection and quantitation of the
minor metabolites are not completely satisfactory for definition of the meta-
bolic handling of acetaminophen via the minor, and presumably toxic, path-
way (s) .

Proposed Course of Project : These studies will be continued with particu-
lar emphasis on development of rapid and reliable estimation procedures for

acetaminophen-raercapturic acid and N-hydroxyacetaminophen.

Honors and Awards: None

Publications: None
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Project Title:

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

A novel assay for erythrocyte carbonic anhydrase and
certain sulfonamide drugs that employs spin labels

Previous Serial Number: None

Principal Investigator: Dr, Colin F. Chignell

Other Investigator: Mrs. Donnas K. Starkweather

Cooperating Units:

Project Description:

None

Objectives : The development of an assay system for diuretic sulfonamide
drugs based on their ability to displace competitively a spin- labeled sulfon-
amide from the active site of bovine erythrocyte carbonic anhydrase B (BCAB).

Methods Employed : BCAB was isolated from a commercial preparation by
chromatography over DEAE Sephadex (J. Biol. Chem. 241 : 5137, 1966). The
preparation of the spin- labeled sulfonamides will be described elsewhere in

these reports. Electron spin resonance (ESR) spectra were recorded at
ambient temperature with a Varian E-4 spectrometer equipped with a quartz
aqueous sample cell.

Major Findings :

—/ V NHCO _//^\_ SO2NH2

o
1

CONH S SO2NH2

II
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The ESR spectrum of the nitroxide free radical consists of three sharp
lines that result from a hyperfine interaction between the unpaired electron
and the nitrogen nucleus. Previous studies have shown that when sulfonamide

I binds to BCAB the ESR spectrum of the nitroxide radical becomes broad and

asymmetric (Life Sci. _10: 699, 1971). Since the ESR spectrum of sulfonamide

I free in solution is markedly different from its spectrum when bound to

BCAB, it is possible to estimate the concentration of free and bound sulfon-

amide I in the presence of BCAB. ESR measurements indicated that sulfonamide
I had an association constant of 6.25 x 10^ M"l for BCAB. When ethoxyzolamide
was added to a mixture of sulfonamide I and BCAB, the amount of displaced spin
label could be estimated by ESR measurements. A calibration curve of the

fraction of sulfonamide I displaced against the concentration of ethoxyzol-
amide added indicated that as little as 0.3 jug/ml of the diuretic could be

assayed by this technique. Acetazolamide and dichlorphenamide could be detei?-

mined with comparable sensitivity. This assay does not detect the anti-
bacterial sulfonamides, since they lack the necessary structural requirements
for binding to the active site of BCAB.

This technique was found suitable for the detection and assay of diuretic
sulfonamides in urine and saliva. Since urine may contain high concentrations
of ascorbic acid, which reduces the spin label and destroys its ESR signal,

it is sometimes necessary to add small amounts of an oxidizing agent, such as
sodium dichromate or potassium ferricyanide to keep the nitroxide group in
the oxidized form. The spin assay can also be used to determine the amount
of diuretic sulfonamides in blood plasma. Since many of the sulfonamides bind
to plasma albumin, it was initially found necessary to extract the drug or

remove the protein by denaturation. Subsequent experiments showed that the

addition of the acidic drug phenylbutazone would displace the sulfonamides
and permit direct measurement in plasma samples.

It was possible to estimate the concentration of erythrocyte carbonic
anhydrase in red cell hemolysates with spin- labeled sulfonamide II without
prior removal of hemoglobin or isolation of the enzyme. The technique
involved titration of a fixed amount of the dialyzed heraolysate with incre-

ments of sulfonamide I and estimation of the concentration of bound spin label

from the ESR spectra. The concentration of bound spin label at saturation
was taken as the total concentration of enzyme in the hemolysate. The value
obtained by this method was somewhat higher than that obtained by isolation
of the enzyme by DEAE Sephadex chromatography which suggests that some car-

bonic anhydrase may have been lost during the isolation procedure. However,
it was found that the technique gave a reasonable estimate for the concentra-
tion of pure human carbonic anhydrase B (HCA-B) present in solution and
added to a hemolysate (Table I).
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TABLE I

Estimation of the Concentration of Carbonic Anhydrase in a Hemolysate
by Titration with Sulfonamide II

In experiment 1, a solution of pure HCA-B, of known concentration, was
titrated with sulfonamide II. In experiment 2, a hemolysate from human eryth-
rocytes was titrated with sulfonamide II before and after the addition of a

known amount of HCA-B.

Expt Sample Concentration of Active Sites

1 HCA-B (4.5 X 10-6 M) 4,8 x lO'^ M

2 (a) Hemolysate from human
erythrocytes (1:20 diln.) 6.4 x 10" ^ M

(b) Hemolysate from human
erythrocytes (1:40 diln.)
+ HCA-B (3.1 X 10-6 M) 6.4 x 10-6 m

(c) HCA-B (3.1 X 10-6 m) 3.2 x 10-6 m*

* Calculated by difference from titrations 2a and 2b.

Significance to Biomedical Research and the Program of the Institute :

The spin assay provides a rapid sensitive technique for determining the level
of drugs and enzymes in biological tissues and fluids. Measurements can be

made on samples as small as 10 ul. The spin assay can be carried out in turbid
or highly colored solutions, which are unsuitable for spectrophotometric or
spectrophotofluorometric assays. The principles outlined above can be applied
to the assay of any drug or substrate for which a specific binding protein or

enzyme exists.

Proposed Course of Project : The design and synthesis of suitably spin-
labeled inhibitors or substrates for use in the spin assay of other enzymes
and drugs.

Honors and Awards: None

Publications: Chignell, C. F. and Starkweather, D. K.: A novel assay
for erythrocyte carbonic anhydrase and certain sulfonamide
drugs employing spin- labels. Pharmacology , in press.
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1. Chemical Pharmacology
2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The synthesis of some spin- labeled analogs of drugs

and enzyme inhibitors

Previous Serial Number: None

Principal Investigators: Dr. Colin F. Chignell
Dr. Ronald H. Erlich

Other Investigator: Mrs. Donnas K. Starkweather

Cooperating Unit: Dr. Erlich holds a fellowship from Hoffmann-La Roche

Project Description:

Objectives : The synthesis of nitroxide analogs of drugs, enzyme inhib-
itors and substrates for electron spin resonance (ESR) studies of ligand-
macromolecule interactions.

Methods Employed : The amide bond was used extensively in these synthe-
ses, since this linkage is easily formed and yet is very stable in aqueous
systems at physiological pH values.

Nine nitroxide analogs of sulfonamide drugs were prepared for a study
of the active sites of bovine erythrocyte carbonic anhydrase B and human
erythrocyte carbonic anhydrases B and C. The structures of the compounds
that have been synthesized are as follows:

o^riT
.8 SO2NH2
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j
r<C0NHCH2)niC0NH(a^)n-/(^\_ SO2NH2

II m = 0, n =

III m = 0, n = 1

IV m = 1, n =

o ^-N \- NHCO —//'^V SO2NH2

RNHC0(CH2)nC0NH U()y SOoNH^ J2i»n.2

">CI-"=VIR=J L, n=2 IKR= [ l,n=3

VII R =
I I

, n = 2

V

VIII R =
, n = 3ct-
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The three nitroxide intermediates used in these syntheses were 3-carboxy-
2,2,5,5-tetramethyl-l-pyrrolidinyloxyl (Tetrahedron 2j.: 491, 1965), 3-amino-
2,2,5,5-tetramethyl-l-pyrrolidinyloxyl (Izv. Akad. Nauk SSSR Ser. Khim 115,
1965) and 4-amino-2,2,6,6-tetramethylpiperidinooxyl (ibid 1477, 1966). These
intermediates were condensed with the appropriate sulfonamide using either
N-ethoxycarbonyl-2-ethoxy- 1,2-dihydroquinoline (J, Amer. Chem. Soc. S^: 1651,

1968) or isobutyl (or ethyl) chloroformate (Reagents for Organic Synthesis,
John Wiley and Sons Inc., New York, 1968, p. 86).

The following barbiturate (X) was prepared from 5-(2-aminoethyl)-5-iso-
pentylbarbituric acid and 3-carboxy-2,2,5,5-tetramethyl- 1-pyrrolidinyloxyl
using ethyl chloroformate as a condensing agent.

V—'— CONHCH2CH2 / f—NH

Two spin- labeled analogs of acetylcholine (XI, XIII) were prepared for
studies of the active site of acetylcholinesterase. The choline intermediate
(XII) could also be used to prepare a nitroxide analog of phosphatidyl cho-
line for spin label studies of membranes.

CH-3

+ 1

CHo-N CH9CH9OCO —1 -1

CH3 '^N-^'^

XI
3

CH

I

CH3-N-CH2CH2OR

XII R = H
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CH
XIII R = CON

CH

Attempts have also been made to prepare spin- labeled analogs of the fol-

lowing molecules: colchicine, demecolcine, 5-hydroxytryptamine, gramicidin
and cyclic AMP. Products have been isolated in most of these reactions but
have not been identified.

Major Findings : The use of these spin labels for studying the topogra-
phy of enzyme active sites is described elsewhere in these reports.

Significance to Biomedical Research and the Program of the Institute :

Spin- labeled enzyme inhibits and substrates provide a unique way to study the

topography of enzyme active sites by means of ESR. Spin- labeled drugs and
inhibitors can also be used to detect and assay low levels of drugs and spe-

cific enzymes in biological tissues and fluids. This application is describee

in a separate report.

Proposed Course of Project : The synthesis of other spin- labeled drugs
and enzyme inhibitors will be attempted.

Honors and Awards: None

Publications: Chignell, C. F. , Starkweather, D. K. and Erlich, R, H.

:

The synthesis of some spin- labeled analogs of drug mole-
cules. J. Med. Chem . , in press.
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1. Chemical Pharmacology
2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Interaction of rat brain microtubule protein with
colchicine and other anti-mitotic agents

Previous Serial Number: NHLI-175

Principal Investigators: Dr. Mark H. Zweig
Dr. Colin F. Chignell
Dr. Ronald H. Erlich

Other Investigator: Dr. Elwood 0. Titus

Cooperating Units: Dr. Zweig was a Research Associate in the Pharma-
cology-Toxicology Program, NIGMS ; now with the

Clinical Pathology Department of the Clinical Center
Dr. Erlich holds a Hoffmann-La Roche Fellowship

Project Description:

Objectives : Microtubules are subcellular structures that are involved
in the translocation of such cellular components as chromosomes, axonal gran-
ules, pigment granules and thyroid colloid droplets. In some cells they may
have a structural role. A protein subunit (mw 120,000) has been isolated
that binds colchicine and is known as "colchicine-binding protein," "microtu-
bule protein," or "tubulin."

Microtubule protein provides a unique opportunity to study the interaction
of a drug with its cellular receptor _in vitro .

Methods Employed : The binding of -'H- colchicine to rat brain microtubule
protein was measured by the filter technique of Weisenberg e_t aj.. (Biochem-
istry 2: 4466, 1968).

Major Findings : In a previous report we showed that many drugs including
certain colchicine analogs, vinblastine and podophyllotoxin would displace
H-colchicine from rat brain microtubule protein. This interaction has now
been measured over a range of 3h- colchicine concentrations and apparent Kt
values have been obtained (Table I). With the exception of vinblastine, all
the compounds listed in Table I showed competitive displacement of H-colchi-
cine from rat brain microtubule. This suggests that vinblastine does not
occupy the same binding site on microtubule protein as does colchicine.
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Compound Kj x 10

Colchiceinamide I.9
Desacetylthiocolchicine 2.6
Demecolcine (Colcemid) 4,5
N-Acetyliodocolchinol 5,8
Trimethylcolchicinic acid methyl ether 6.6
N-Acetylcholchinol 7.8
Trimethylcolchicinic acid ethyl ether 8.9

Podophyllotoxin 0.3

Vinblastine 197.0

Colchicine 1.2'

*K^ value

Since the existing methods for the isolation of microtubule protein were long

and tedious, alternative purification techniques have been sought. Affinity
chromatography appeared to be particularly well suited for the preparation of

small amounts of highly purified microtubule protein. Colchicine (I, R-j^ =

COCH3; R2 = CH3) was therefore converted by acid hydrolysis to trimethylcol-
chicinic acid (I, Rx = R2 = H) which was then methylated with diazomethane to

give a mixture of the trimethylcolchicinic acid methyl ethers (I, II, R-^ ~ H;

R2 = CH3) . These were separated as their tartrate salts to give the required
isomer I (R-i = H; R2 = CH3) . This will then be converted to the succinamide
derivative (I, R-^ = COCH2CH2COOH; R2 = CH3) which can be coupled to polyacryl-
amide gel beads to form an affinity column.

CHoO
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Significance to Biomedical Research and the Program of the Institute :

The molecular basis for the interaction of a drug with its cellular receptor
is in most instances unknown. The colchicine microtubule protein system is

one of the few examples where it is possible to study the drug-receptor
interactions in vitro. It is important to study this phenomenon, since
microtubules have been implicated in many important cellular transport pro-
cesses, such as the movement of norepinephrine storage granules along the

axon and the secretion of hormones.

Proposed Course of Project : When pure microtubule protein has been iso-
lated, its interaction with colchicine will be studied by optical techniques,
such as fluorescence spectroscopy and circular dichroism. Triraethylcolchi-
cinic acid methyl ether (I, R-j^ = H; R2 = CH3) will be spin labeled (I, R, =

I

1— *^0; Ro = CHo) and the interaction of the spin- labeled analog witho
microtubule protein studied by means of electron spin resonance. The same
derivative will be converted to an alkylating agent (I, R-^ = C0CH2Br; R2 =

CH3) for use in the site directed labeling of the colchicine combining site.

Honors and Awards: None

Publications: Chignell, C. F. and Benzinger, T. H. : Heatburst micro-
calorimetry. In Chignell, C. F. (ed.): Methods in
Pharmacology Vol. 2 Physical Methods . Appleton-Century-
Crofts, New York, pp. 465-489, 1972.
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1, Chemical Pharmacology
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3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972 I

Project Title: The mechanism of drug photosensitivity

Previous Serial Number: None

Principal Investigators: Dr. Ronald H. Erlich
Dr. Colin F. Chignell

Other Investigators: Mrs. Donnas K. Starkweather
Miss Donna DiMasi

Cooperating Unit: Dr. Erlich holds a Hoffmann-La Roche Fellowship

Project Description:

Objectives : Many different drugs cause photosensitivity in certain in-

dividuals. The photosensitive response may be one of two types, either

phototoxic or photoallergic. The phototoxic response generally occurs during

a patient's first exposure to sunlight after taking the drug and usually re-

sembles an exaggerated erythemal response. Photoallergic individuals may

also exhibit an initial erythemal reaction. As this reaction subsides,

delayed abnormal responses begin to appear including papular, eczematous

and urticarial reactions. Such reactions to light may persist for months

after avoidance of the photosensitizer

.

While the initial step in all forms of photosensitivity must be the

absorption of light by the drug chromophore, the mechanism of phototoxicity
and photoallergy is unknown. In previous studies we have shown that many
drugs that induce photosensitivity undergo photodecomposition on irradiation

by light. In this report we show that free radicals may be the active inter^

mediates in the photosensitizing reaction.

Methods Employed : Drugs known to cause photosensitivity were irradiated

with a xenon-mercury arc lamp both in the dry state and in solution and free

radical intermediates detected by means of electron spin resonance. Several

drugs were irradiated with light in the presence of serum albumin and model

compounds, such as amino acids, purines and pyrimidines.

Major Findings : The following drugs were irradiated in the solid state:

chloroquine, chlorpromazine, carbutamide, 8-methoxypsoralen, sulfanilamide,

demethyltetracycline, griseofulvin, nalidixic acid, indoxyl and hexachloro-

phene. Under these conditions only chlorpromazine and hexachlorophene were
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converted to free radical intermediates. The free radical from chlorproma-
zine was stable enough to be observed in aqueous solution at pH 7.4. The
ESR spectrum indicated the presence of a short-lived free radical species
(t^ 74 sec) and a longer-lived species (t^ 19.2 min) . The ESR spectrum was
not the same as that obtained from chlorpromazine under strong aqueous acid
conditions

.

Human plasma albumin (HSA) was irradiated in the presence of chloroquine,
sulfanilamide and chlorpromazine. All three drugs showed evidence for cova-

lent binding to HSA. The amount of incorporation was decreased when irradia-

tion was carried out in the presence of aminoethylisothiouronium bromide or

2-aminoethanethiol, reagents that are known to be scavengers for free radicals.

Preliminary studies have shown that when chlorpromazine is irradiated in

aqueous solution in the presence of arginine the drug reacts covalently with
the amino acid. Similar experiments with glycine, adenine, guanine and histi-
dine gave negative results.

Significance to Biomedical Research and the Program of the Institute :

Since many drugs having widely diverse chemical structures cause photosensi-
tivity, it is important to understand the mechanism of this toxic side effect.
These studies suggest that a free radical intermediate may be responsible for

the photosensitizing effect of chlorpromazine.

Proposed Course of Project : The photochemistry of other drugs known to

cause photochemistry will be studied.

Honors and Awards: None

Publications: None
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PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Physicochemical studies of complexes between drugs and bio-

molecules. IX. Spin label studies of bovine erythrocyte
carbonic anhydrase B and human erythrocyte carbonic anhydrases
B and C

Previous Serial Number: NHLI-189

Principal Investigators: Dr. Colin F. Chignell
Dr. Ronald H. Erlich

Other Investigators: Mrs. Donnas K. Starkweather

Cooperating Unit: Dr. Erlich holds a fellowship from Hoffmann-La Roche

Project Description:

Objectives : The nitroxide group (=N-i-0) is a stable free radical that
can be used as a reporter group or label for biological macromolecules , such
as proteins, nucleic acids and membranes (Methods in Pharmacology 2^: 223,
1972). The nitroxide radical can be employed in two different ways to study
ligand binding to macromolecules. Firstly, the nitroxide radical can be
attached (covalently or noncovalently) to the macromolecule and act as a

reporter group. A second approach is to build the nitroxide group into the
ligand and then to study the interaction of this spin- labeled molecule with
the biological system of interest. We have employed both approaches to study
the topography of the active site of erythrocyte carbonic anhydrase.

Methods Employed : Bovine erythrocyte carbonic anhydrase B (BCA-B) was a

commercial preparation that was purified by passage over DEAE-Sephadex
(J. Biol. Chem. 241: 5137, 1966). Human carbonic anhydrases B and C (HCA-B
and HCA-C) were prepared from outdated blood bank blood by the method of
Armstrong and co-workers (J. Biol. Chem. 241 : 5137, 1966). Preparation of
the spin- labeled sulfonamides will appear elsewhere in this report. Electron
spin resonance (ESR) measurements spectra were recorded with a Varian E4 spec-
trometer using an aqueous sample cell. The hydrolysis of £-nitrophenylacetate
by carbonic anhydrase was measured by observing the increase in optical den-
sity which occurred at 348 nm.

The following spin labels were synthesized by procedures described else-
where in these reports.

xr-g
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CT CONH^.^^/S v.^ SO2NH2

I

r-(CONHCH2)n,CONH(CH2)n-VQys02NH2

! II m = 0, n =

III m = 0, n = 1

IV m = 1, n =

j
r— NHC0(CH2)nC0NH —/^jV- SO2NH2

V n = 2

VI n = 3

Ma jor Findings : All of the spin- labeled sulfonamides noncompetitively
inhibited the hydrolysis of £-nitrophenylacetate by the carbonic anhydrases
(Table 1). While this finding suggests that the spin- labeled sulfonamides do

not bind to the active site of carbonic anhydrase, noncompetitive kinetics

have been observed for the inhibition of enzyme activity by acetazolamide

(J. Biol. Chem. 241: 5137, 1966) and sulfanilamide (Eur. J. Biochem. 3: 453,

1968). It has been suggested that the noncompetitive kinetics result from a

slow rate of dissociation of the enzyme- inhibitor complex (Eur. J. Biochem.

3: 453, 1968).

The ESR spectrum of the nitroxide radical when free in solution consists
of three sharp lines which result from a hyperfine interaction between the

impaired electron and the nitrogen atom. In the presence of BCA-B, the ESR
spectrum of I resembles the rigid glass, powder or polycrystalline spectrum
of the nitroxide free radical. This result suggests that when sulfonamide I

binds to BCA-B the rotational motion of its nitroxide group becomes highly
hindered at the enzyme binding site. As the chain length between the aro-

matic group and the pyrrolidine ring increased, the mobility of the nitroxide

group also increased until with sulfonamide V there appeared to be little
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interaction between the free radical and the active site. X-ray crystallo-

graphic studies of HCA-C containing acetoxymercurisulfanilamide have shown
that the inhibitor occupies a deep crevice at the bottom of which lies a

single zinc atom (J. Mol. Biol. ^: 505, 1967). The sulfanilamide analog was
coordinated to the zinc atom through the sulfonamide group. The spin label
studies of BCA-B suggest that the active site of this enzyme is also a crev-

ice. The gradual increase in mobility of the nitroxide group as the chain
length separating the pyrrolidine ring and the aromatic group was lengthened
indicates that the active site of BCA-B is funnel shaped rather than slit-

like in appearance. Since sulfonamide V was the first to show a high degree
of motional freedom, this sets an upper limit of 14.5 A for the depth of the

active site of BCA-B.

Similar studies with HCA-B and HCA-C indicated that the active sites of

these isozymes were similar in shape to that of BCA-B. The depth of HCA-B
was similar to that of BCA-B while that of HCA-C was somehwat shallower
(~ 13.6 A).

VII VIII

A spin- labeled analog of bromacetamide (VII) was allowed to react cova-

lently with HCA-B. The ESR spectrum of the spin- labeled enzyme revealed the

presence of two populations of bound nitroxide groups, one of which was more
highly immobilized than the other. When spin labeling was carried out in the
presence of acetazolamide, the highly immobilized spectrum was abolished.
These results suggest that the highly immobilized spin labels attached to the

active site of HCA-B. The mobile component of the ESR spectrum was abolished
by pretreatment of HCA-B with £-chloromercuribenzoate. Thus, the mobile popu-
lation probably represents spin labels attached to sulfhydryl group(s) on the
surface of the enzyme. Both HCA-B and HCA-C were covalently labeled by the

N-ethylmaleimide analog VIII. Since labeling was abolished by pretreatment
of the isozymes with £-chloromercuribenzoate, it was concluded that the spin
label had attached to sulfhydryl groups. The ESR spectra of HCA-B and HCA-C
labeled with VIII indicated that the spin label had a high degree of mobility
which suggests that the sulfhydryl groups were on the surface of the isozymes.
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Significance to Biomedical Research and the Program of the Institute :

Erythrocyte carbonic anhydrase catalyzes the reversible hydration of carbon
dioxide to form the bicarbonate ion. This reaction is important in mainte-
nance of the acid-base balance of the body. Spin- labeled inhibitors provide
a unique method for studying the topography of an enzyme active site.

Proposed Course of Project : Cohen and co-workers have recently been
able to detect the histidine proton magnetic resonances of HCA-B and HCA-C
(Biochemistry JLl: 327, 1972). However, they found it difficult to assign the

precise location of these histidines. Since nitroxide groups cause relaxation
of proton magnetic resonance, it is expected that the NMR bands of those

histidines at the active site will be broadened by the binding of a spin-
labeled sulfonamide. Proton magnetic resonance studies of HGA-B and HCA-C
complexes with the spin- labeled sulfonamides will therefore be made.

TABLE 1

Inhibition of the esterase activity of erythrocyte carbonic anhydrase

by the spin- labeled sulfonamides

Ki (M X 10^)

d*

Sulfonamide BCA-B HCA-B HCA-C (A)

I 0.05 0.10 0.16 9.6
II 0.02 0.33 0.08 10.0

III 0.42 0.26 1.89 10.8
IV 2.71 2.78 0.58 13.6
V 0.91 3.94 1.11 14.5

"Estimated for the fully extended conformation of each sulfonamide with the
aid of Corey-Pauling-Koltun models.

Honors and Awards: None

Publications: Chlgnell, C. F. , Starkweather, D. K. and Erlich, R, H. : The
interaction of spin- labeled sulfonamide with bovine erythrocyte
anhydrase B. Biochim. Biophys. Acta , in press.

Chignell, C. F. : The interaction of a spin- labeled sulfonamide
with bovine carbonic anhydrase B. Life Sci. _10: 699-706, 1971.
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Project Title: Physicochemical studies of complexes between drugs
and biomolecules. X. The use of fluorescent and
spin- labeled probes to monitor drug interactions
with red cell membranes

Previous Serial Number: NHLI-190

Principal Investigators: Dr. Ronald H. Erlich
Dr. Colin F. Chignell
Dr. Elwood 0. Titus

Mrs. Donnas K. Starkweather

Dr. Erlich holds a Hoffmann-La Roche Fellowship

Other Investigators:

Cooperating Unit:

Project Description:

Objectives ; Local anesthetics are thought to exert their pharmacologi-
cal effect by perturbing membrane structure. Since fluorescent and spin-
labeled probes have been found useful for studying the structure of membranes
(Methods in Pharmacology _2: 33, 223, 1972), we have used l-anilino-8-naph-
thalenesulfonic acid (ANS) and two spin- labeled stearic acids to monitor the

interaction of tetracaine and lidocaine with erythrocyte ghost membranes.

Previous sodium-23 nuclear magnetic resonance studies have shown (J. In-

org. Nucl. Chem. _33: 81, 1971) that the cyclopolymethylenetetrazoles interact
with sodium ions and that the degree of interaction is directly proportional
to their pharmacological activity. Since it appeared possible that the con-

vulsant effect of metrazole was somehow related to the ability of the drug to

complex sodium ions, we have attempted to demonstrate an interaction between
metrazole and sodium ions in erythrocyte ghost membranes.

Methods Employed : Human erythrocyte ghost membranes were prepared by
the method of Dodge et aj.. (Arch. Biochem. Biophys. 100 : 119, 1963). Fluo-
rescence was measured in an Aminco-Bowman spectrophotofluoremeter equipped
with a ratio recording attachment. Electron spin resonance (ESR) was mea-
sured in a Varian E-4 spectrometer with a quartz aqueous sample cell. The

transport of Na out of red cell ghosts was measured by the method of Askari
(Methods in Pharmacology J.: 347, 1971).
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Major Findings : When ANS bound to erythrocyte ghost membranes, the fluo-
rescence quantum yield of this probe increased approximately 50- fold while
its emission maximum shifted from 520 nm to 470 nm (FEES Letters _6: 245, 1970).

This suggests that the dye is in a hydrophobic region of the membrane. When
inorganic cations were added to the ANS-membrane system, the fluorescence of
the probe increased. The order of effectiveness was Ca"*"*" > Mg"*"*" » Li*" ^ Na"*"

r^ NH. ^
. This increase in the fluorescence of ANS could have been due to an

4
alteration in the fluorescence quantum yield of the probe or it could have
resulted from the presence of more ANS molecules in the membrane. Double
reciprocal plots of fluorescence increase vs membrane concentration indicated
that the quantum yield of ANS was unaltered in the presence of the cations.
The increase in ANS fluorescence was due to the presence of a larger number of
probe molecules in the membrane. The most likely explanation for this phenom-
enon is that the cations neutralize the negatively charged phosphate groups
at the membrane surface so that the electrostatic repulsion of the negatively
charged ANS molecules is reduced and more probe molecules can bind to the

membrane.

The addition of tetracaine to the ANS-membrane system increased the
number of fluorescent probe molecules present in the membrane while lidocaine
decreased the number of bound ANS molecules. The fluorescent quantum of

membrane-bound ANS was unchanged by the local anesthetics. The tetracaine
effect is probably best explained in terms of surface charge neutralization
similar to that described for the inorganic cations. The mechanism by which
lidocaine displaced ANS from the membrane is at present unknown.

When spin- labeled stearic acid analog I was added to red cell membranes,
the ESR spectrum was a composite of bound and free spin label. The free

CH3(CH2)jn-G- (CH2)nC00H

0^ "^N~0

I m = 1, n = 12

II m = 12, n = 3

component could not be removed by washing, suggesting that it was in equi-
librium with bound spin label. The ESR spectrum of I bound to the membranes
indicated that the nitroxide group had a fairly high degree of mobility in
the membrane. In contrast, when spin label II bound to the membranes, its
nitroxide group was highly immobilized. A consideration of the structure of
these two probes suggests that they should intercalate with their ionized
carboxyl groups at the membrane/water interface. The addition of manganous
ions caused a decrease in the amplitude of II bound to the membranes but did
not affect the ESR spectrum of membrane bound I. Thus it would appear that
the nitroxide group of I probes the interior of the membrane while the nitrox-
ide group of II is fairly close to the membrane/water interface. The ESR
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spectra suggest that the interior of the membrane is quite fluid while the
region near the membrane/water interface has a rigid ordered structure.

Tetracaine increased the amount of I and II that was bound to the red
cell membranes, without altering the ESR spectra of the spin labels. Lido-
caine was without effect on the binding of I and II to the membranes. The
tetracaine effect can be explained as a neutralization of surface charge in

the same manner as the results obtained with the inorganic cations.

Metrazole did not affect the fluorescence of ANS bound to red cell mem-
branes in the absence of added inorganic cations. In the presence of added
cations, the fluorescence of ANS decreased on adding the drug. No cation
specificity was noted in this phenomenon. Since metrazole is un- ionized at

pH 7.4, it is unlikely that the drug can directly displace cations from
anionic binding sites on the membrane. Instead this drug appears to interact
with the membrane in such a way that it binds fewer cations. A direct membrane
effect could be demonstrated, since metrazole was found to protect intact
erythrocytes against osmotic shock. Metrazole did not alter either the pas-

sive or active transport of Na22 out of intact red cell ghosts. Thus while
we failed to demonstrate any direct interaction between sodium ion and metra-

zole in this system, the drug did appear to be causing some change in the

membrane which both rendered it less susceptible to lysis and altered its

affinity for cations. Whether these properties are related to the pharmaco-
logical properties of the drug is not known.

Significance to Biomedical Research and the Program of the Institute ;

It is now apparent that many drugs may exert their pharmacological effects by

interacting with cell membranes. The erythrocyte ghost membrane is affected
by many of these drugs and therefore provides a useful model system for

studying such interactions.

Proposed Course of Project : The interaction of two fluorescent local
anesthetics, dibucaine and dimethisoquin, with red cell membrane ghosts will
be studied by fluorescence spectroscopy. It is expected that such parameters
as fluorescence quantum yield, emission maximum and quantum yield will be
altered when these local anesthetics bind to membranes. Spin- labeled analogs
of local anesthetics will also be synthesized for ESR studies. The fluores-
cence and spin- labeled probes will be used to examine the membrane damage
caused by drugs which induce the lysis of erythrocytes.

Honors and Awards: None

Publications: Chignell, C. F. and Chignell, D. A.: The application of
|

circular dichroism and optical rotatory dispersion to

problems in pharmacology. In Chignell, C. F. (ed,):

Methods in Pharmacology Vol. 2 Physical Methods . Appleton-
Century-Crofts, New York, pp. 111-156, 1972.
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Principal Investigator: Dr. Colin F. Chignell

Other Investigators: Mrs. Donnas K. Starkweather

Cooperating Units:

Project Description:

None

Objectives : Previous studies have shown (Methods in Pharmacology _2: 33,

1972) that the binding of a drug to plasma albumin can be monitored by fluo-
rescence spectroscopy if (a) the drug quenches the tryptophan fluorescence of

albumin (e.g. dicoumarol), (b) the intrinsic fluorescence of the drug increases
on binding to albumin (e.g. warfarin), (c) the drug can displace a fluorescent
probe, such as dansylglycine , from its binding site on albumin (e.g. phenyl-
butazone). In this report we show that the binding of a highly fluorescent
drug to human plasma albumin can be measured from changes in the polarization
of its fluorescence.

Methods Employed : Polarization measurements were made with Glann- Thompson
prisms attached to an Aminco-Bowman spectrophotofluorometer

.

Major Findings : Camptothecin is a quinoline alkaloid that exhibits anti-
leukemic and anti- tumor activity in animals. Camptothecin is highly fluores-
cent with an emission maximum at 445 nm. The activation spectrum has maxima
at 220 nm, 252 nm and 375 nm.

The fluorescence emission maximum and quantum yield of camptothecin were
not altered when the drug bound to human plasma albumin. However, it was
found the fluorescence polarization of camptothecin went from + 0.007 to

+ 0.246 when the drug complexed to albumin. This suggests that the drug is

held quite rigidly when it binds to the protein. In order to measure the bind-
ing of camptothecin to plasma albumin, the fluorescence polarization of the

drug was monitored during titration with increments of the protein. Since the

titration curve indicated that there was only one camptothecin binding site
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per albumin molecule, it was possible to calculate the saturation fraction S

of the ligand from the following equation.

S = (p - Pmin)/(Pmax - Pmin)

where Pjuin ~ fluorescence polarization at zero protein concentration, p^gx ~

fluorescence polarization when all the drug is bound, p = observed polariza-
tion (Biochemistry _5: 1415, 1966). Since there is only one drug binding site
per albumin molecule, the association constant K is given by

I

(P)(l - S)

where P = concentration of unbound albumin. The ass£ciation constant was
calculated from a modified Scatchard plot of S/P vs S to be 1.09 x 10^ M"l.

Significance to Biomedical Research and the Program of the Institute :

The binding of a drug to plasma proteins can drastically alter its disposi-
tion, metabolism and excretion. The plasma proteins are also one of the
important sites for drug-drug interactions. Drug binding to albumin is gen-
erally measured by equilibrium dialysis. This method is slow, time consuming
and requires large amounts of drug and protein. In contrast, fluorescence
spectroscopy is fast, sensitive and requires only small amounts of drug and
protein. Fluorescence polarization can be used when drugs are highly fluo-
rescent and when their fluorescence quantum yield and emission maximum is

unaltered on binding.

Proposed Course of Project : Fluorescence polarization will be used to

study the binding of other highly fluorescent drugs to plasma albumin.

Honors and Awards: None

Publications: Chignell, C, F. and Starkweather, D. K. : Species differ-
ences in the binding of phenylbutazone to plasma albumin.
Pharmacology 5: 234-244, 1971.

Chignell, C. F., Vesell, E. S., Starkweather, D. K. and
Berlin, C. M. : The binding of sulfaphenazole to fetal,
neonatal and adult human plasma albumin. Clin. Pharmacol .

Ther. 12: 897-901, 1971.

rsi^



Serial No. NHLI- 58

1. Chemical Pharmacology
2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title:
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Physicochemical studies of complexes between drugs

and biomolecules . XII. The interaction of spin-
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None

Principal Investigators: Dr. Colin F. Chignell
Dr. Joseph Kaplan
Dr. William J. Caspary
Dr. Elwood 0. Titus

Other Investigators:

Cooperating Unit:

None

Dr. Kaplan and Dr. Caspary are in the Bacteriology
Division of the U . S. Army Medical Research Institute
of Infectious Diseases at Fort Detrick, Maryland

Project Description:

Objectives : While the antigen binding sites on immunoglobulins have been
studied by a variety of physicochemical techniques, the antigen receptor sites

on the B- lymphocytes have received less attention. Hsia and Piette (Arch.

Biochem. Biophys. 129 : 296, 1969, 132 : 466, 1969) have shown the usefulness of

spin-labeled haptens for studying the topography of antigen binding sites on

immunoglobulins. We have used a similar approach in our study of antigen-bind-

ing sites on B- lymphocytes , since these are known to be membrane bound IgM

molecules

.

Methods Employed : The synthesis of the spin- labeled sulfonamide hapten
(I) is described elsewhere in this report. Succinamidosulfonamide (II) was
coupled to bovine serum albumin or human 7-globulin in aqueous solution at

pH 5.5 by means of a water-soluble carbodiimide. Mice were immunized with
III in complete Freunds adjuvant. B-Lymphocytes were isolated from the spleen
of immunized mice by standard techniques.
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RCOCH2CH2CONH -/ ( JV-SO2NH2

I

^
-O""N

I*

II R = OH

III R = Bovine serum albumin

IV R = Human 7- globulin

Major Findings : Lymphocytes isolated from the spleens of mice immunized
with III were examined for the presence of hapten binding sites on their sur-
face by incubation with sheep red blood cells to which IV had been coupled
by means of a water-soluble carbodiimide. The presence of "rosettes" of red
blood cells around a small percentage of the lymphocytes indicated that these
cells had surface receptor sites for the sulfonamide hapten. However, it was
found impossible to detect these sites by means of the spin- labeled hapten I.

Attempts were therefore made to isolate cells containing the succinylsulfanil-
amide receptor site using affinity chromatography. For these experiments,
succinylsulfanilamide was coupled to polyacrylamide gel beads (Biochemistry
8: 4074, 1969). When attempts were made to separate the lymphocytes by affin-
ity chromatography, problems were encountered with clogging of the columns.
An alternative technique is now being attempted in which the "rosettes" are
isolated by means of differential centrifugation and the red cells displaced
by the addition of hapten. Preliminary experiments with this procedure appear
encouraging.

Significance to Biomedical Research and the Program of the Institute ;

Since many drugs are known to cause allergic side reactions, it is necessary
to understand the basic mechanisms underlying these toxic effects.

Proposed Course of Project : The topography of the receptor combining
sites on the lymphocytes will be studied by means of spin- labeled haptens.
These sites will be compared with the combining sites of the immunoglobulins
secreted by the B- lymphocytes . An attempt will be made to study the combining
sites on T- lymphocytes from animals who have been sensitized by painting with
an iodoacetamide derivative of sulfanilamide.

Honors and Awards: None

Publications: Kim, S. H. and Chignell, C. F.: X-ray crystallography. In
Chignell, C. F. (ed.): Methods in Pharmacology Vol. 2 Physical
Methods. Appleton-Century-Crof ts , New York, pp. 381-400, 1972.
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Principal Investigator: Dr. Elise Ann Brown

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives : Since components of biological systems are rarely paramag-
netic, the paramagnetic resonance spectrum of a stable free radical introduced
into a biologically important molecule may be used to gain structural informa-
tion. The shape of the spectrum will depend on the immediate environment of
the radical. Marked broadening of the spectral bands occurs if the ability
of the radical to tumble freely in space is restricted by viscosity or by the

constraints of adjacent groups on a protein surface. Organic compounds con-

taining stable free radicals (spin labels), usually cyclic nitroxides, can
be attached either covalently to specific sites on proteins or reversibly to

specific regions, such as hydrophobic areas of membrane proteins. The spec-

trum of the spin label may then be used as an indicator of the conformational
status of the receptor site.

Since magnetic resonance techniques, unlike optical spectroscopy, can be

applied to particulate or membrane-bound structures, spin labels offer promise
as a means of probing for conformational changes associated with the function
of (Na"'"-ld') -dependent ATPase. This enzyme participates in the transport of

Na"*" and K+ through cell membranes. Recent studies have been concerned with
the use of a spin- labeled analogue of the substrate, ATP.

Methods Employed : The rates of release of phosphate from ATP by sodium
and potassium dependent enzymes were measured by conventional methods. Elec-
tron paramagnetic resonance spectra were determined on a Varian E-4 spec-
trometer.
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Major Findings : Adenosine 5 ' -diphosphate-4- (2,2,6,6-tetramethylpiperi-
dinyl- 1-oxyl) (ADP-spin label) was prepared by the method of Weiner. Because
of previously reported anomalous results which suggested that only part of the

transport ATPase was susceptible to inhibition by this substrate, its effects
were examined in more detail. It now appears that preparation of ADP-spin
label through the modified Weiner preparation gives a product contaminated
with calcium ion. The biphasic response of ATPase to calcium (stimulation at
concentrations of the order of 10" M and inhibition at higher) would explain
the anomalies. Work with the purified analogue indicates that the affinity
of the enzyme for ADP-spin label is too low for the latter to be useful as a

spin label in studies of ATPase mechanism.

Significance to Biomedical Research and the Program of the Institute :

The transport of cations through membranes maintains osmotic balance in all
cells and excitability in nerve and muscle. Transmembrane sodium gradients
are also regulators of sugar, amino acid and catecholamine transport in vari-
ous tissues. Since the transport enzymes are membrane bound and active only
as insoluble complexes, physical methods suitable for studies of mechanism
are desirable.

Proposed Course of Project : Efforts to prepare analogues of ATP with
spin labels in other portions of the molecule will be undertaken.

Honors and Awards: None

Publications: None
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Project Title:

PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Studies on the steady-state levels of corti-
costerone during infusions of corticosterone in

hypophysectomized and in control rats

Previous Serial Number; None

Principal Investigators Dr. Donald F. Bogdanski
Dr. Thomas P. Blaszkowski

Other Investigators;

Cooperating Unit:

None

Dr. Blaszkowski holds a Hoffmann-La Roche
Fellowship

Project Description:

Objectives : To study the steady-state kinetics of corticosterone' in rats
whose endogenous pool of corticosterone was depleted by hypophysectomy four

months previously. These studies may be of some value in providing informa-
tion for the further understanding of body pools of steroid, their uptake
capacity and metabolism of endogenous circulating hormones.

Methods Employed : Corticosterone in rat plasma was estimated by standard
procedures. The method of infusion of radioactive corticosterone in anes-
thetized rats was described in previous reports. Adult male rats (300-350 g)
were infused for up to five hours with doses of radiolabeled corticosterone
ranging from 20 ng/kg/hr to 1000 ug/kg/hr. All doses were labeled for the

estimation of plasma corticosterone. One hundred lambda samples of blood
were collected at various time intervals. The plasma was extracted for

corticosterone and the radioactivity was estimated by scintillation counting.
The amount of plasma radioactivity was converted to ug/ml. For control rats,
these calculated values were added to an averaged endogenous plasma level of

0.22 |ig/ml corticosterone.

Major Findings : During prolonged infusions with frequent sampling, an
apparent steady-state level of corticosterone in the plasma is reached with-
in 120 min. At 3 to 4 hours a small increment of plasma corticosterone is

superimposed upon the previous steady-state. This increment temporally co-
incides with a change in the hematocrit.

The infusion of 1,000 ug/kg/hr corticosterone, about 7 times the normal
adrenal output, can be lethal, particularly in hypophysectomized rats.
About 60 minutes before death, the plasma level of corticosterone begins to
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rise, slowly at first, and then abruptly, to very high levels of corticos-
terone during the 30 minutes immediately preceding death. This rise might
be expected if there were a sudden decrease in activity or saturation of

catabolic enzymes, or tissue binding capacity is exceeded or hypoxia occurs.

The results discussed above are complicating factors in the studies on

rats. However, much useful data can be obtained in this preparation.

In the control rats, the increment in the steady-state plasma level above

the control level was proportional to the dose. The animals responded as

though equilibrium among the various body pools was first disturbed then

raised to a higher level before equilibrium was re-established.

The situation was different in the hypophysectomized rats. First, a j

steady-state was not established during infusion of the tracer dose, prob-

ably because the pools were not filled during the infusion period. Second,
with increasing doses up to 100 ug/kg/hr, the steady-state level of corti-
costerone was increased as an exponential function of dose, suggesting the

existence of a finite number of binding sites in equilibrium with a free

pool. At 1,000 ug/kg/hr, however, the steady-state plasma level increased
abruptly as though the capacity of the body to bind, and/or metabolize corti-

costerone, was exceeded.

The data in both groups of rats revealed the existence of the pools of

radioactivity mentioned above and reported in our published work. In order
to illustrate the pools, the data were plotted semilogarithmically as a

function of a-x, where a is the steady-state level of corticosterone, and x

the level of corticosterone at any given time interval during infusion.
Multiphasic curves were obtained. These revealed the existence of more than
one pool, but did not prove the existence of more than two. The third phase
was subject to variation based upon the apparent steady-state level and is

disregarded. The filling of the first pool during infusion of a tracer dose
in the hypophysectomized rat was exceptionally slow. This finding is sub-
ject to error based upon the absence of a true steady-state. However, the

data suggest that radioactivity in the first pool was rapidly drawn off by
other empty pools .

Significance to Biomedical Research and to the Program of the Institute ;

The above data indicate that the steady-state plasma level of corticosterone
obtained after infusion of corticosterone is proportional to the dose
infused. Presumably, some of the excess is temporarily free in the plasma
and tissues. Whether this presumed increase in the level of free steroid
is related to side effects of steroid treatment with therapeutic doses is

difficult to say, but the presumption is not unreasonable. In hypophysec-
tomized rats, in which the pool corticosterone is nil, the pool of binding
sites apparently approaches whole body equilibrium with infused steroid at
a dose of around 75 ug/kg/hr. This dose is about 1/2 that in control rats.
If the hormone is strongly bound, the availability of steroid for thera-
peutic benefit in the Addisonian patient may be decreased unless sufficient
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hormone is given. But excessive dosage would not be tolerated.

Proposed Course of Project ; This project is temporarily not being pur-

sued .

Honors and Awards: None

Publications: None

/9f



Serial No. NHLI- 61
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Project Title:

Previous Serial Number

:

Principal Investigators;

Other Investigators:

Cooperating Unit:

Project Description:

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Benzpyrene hydroxylase induction in rat lung,
liver and adrenal glands

None

Dr. Donald F. Bogdanski
Dr. Thomas P. Blaszkowski
Dr. Bitten Stripp

None

Dr. Blaszkowski holds a Hoffmann-La Roche Fellow-
ship.

Objectives : Dimethylbenzanthracene (DMBA) is a carcinogenic drug that
causes adrenal necrosis in rats and induces cytochrome P-450 activity in
various tissues. This project was begun in order to determine whether DMBA
induced benzpyrene hydroxylase (BPH) activity in adrenal glands, and whether
the epoxide intermediate so produced is an active agent in the production of

adrenal necrosis. We were unable to induce BPH activity in rat adrenals, but
other interesting data evolved during the course of our studies and some of

these findings appear to merit further study.

Methods Employed : Male, Sprague-Dawley rats of various ages were used.
BPH activity was estimated by standard procedures. Rats were stressed by
immobilization

.

Major Findings : In a dose of 5 mg/kg, DMBA induced BPH activity in lung

but not liver after 12-48 hours. A dose of 20 mg/kg raised BPH activity in
the lung 5 fold, but doubled liver activity.

Hypophysectomy prevented the normal increase in lung and liver and adrenalj

BPH activity that occurs during growth, suggesting a relationship between the

hypophysectomy and BPH activity. However, the per cent increase in BPH activ-
ity caused by DMBA was the same in the hypophysectomized as in the sham hypo-
physectomized rats, although the increase in the absolute level of liver en-
zyme activity was much greater in the sham operated rats. The absolute in-
crease appeared to be a function of enz3nne activity already present.
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The effect of immobilization stress was tested on the induction of BPH
activity in rat liver, lungs and adrenals. Two groups of rats were injected
with 4 mg/kg of DMBA and individuals from each group were killed at 12, 24

and 48 hours after injection. Rats in one of the groups were stressed for
3 hours immediately prior to killing, that is, 9, 21 and 45 hours after the
injection of DMBA. Although this dose of DMBA did not induce BPH activity
in liver, stress increased it. But this dose of DMBA prevented the stimu-
latory effects of stress on DPH activity.

DMBA (4 mg/kg) decreased BPH activity in adrenals by 20-40%, but stress
did not consistently alter activity of the enzyme. However, stress abolish-
ed the decrease in BPH activity observed after DMBA.

The above data indicate interactions among the hypophysis, adrenals and
induction of enzjmie activity. The extremely rapid induction of liver enzjmie

activity by stress and the inhibition of induction by DMBA, itself an inducer
of BPH activity at higher dosage levels, appear to be new observations not
previously reported. These findings merit additional study.

Significance to Biomedical Research and to the Program of the Institute :

The significance of enzyme induction in the metabolism of drugs or endogen-
ous adrenal cortical steroids, and in the production of tissue necrosis have
been intensively studied in this laboratory. However, the conditions, of en-
enzyme induction are not well understood. If pursued, the present studies
may lead to a further understanding of factors responsible for enzyme in-
duction.

Proposed Course of Project : The initial observations will be solidified
and possibly extended. The role of the adrenals in the metabolic activity of
extrahepatic tissue in control and induced animals needs further clarification.

Honors and Awards : None

Publications: None
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Project Title:

Previous Serial Number:

Principal Investigators:
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:

Cooperating Unit:

Project Description:

The effect of electrolytes on transport, storage
and release of biogenic amines by the nerve end-
ing

NHLI-199

Dr. Donald F. Bogdanski
Dr. Thomas P. Blaszkowski

None

Dr. Blaszkowski holds a Hoffmann-La Roche Fellow-
ship.

Objectives : Previous reports on this project have shown that biogenic
amines are transported into nerve endings by means of a Na -dependent car-
rier mechanism energized by the Na gradient across the plasma membrane.
Transport can be blocked by desipramine. The object of the present report
was to determine whether previously stored amine can be transported out of

the nerve ending by means of a carrier mechanism. Positive findings would
not only support the concept of membrane transport of biogenic amines, but
would also suggest a mechanism whereby amines can be released into the synap-
tic cleft during synaptic transmission.

Methods Employed : The endogenous pool of norepinephrine (NE) in rat
heart was labeled with tritiated NE (-^H-NE) 18-20 hours before the rats
were killed. Slices of heart ventricle were prepared as previously de-
scribed. The slices were incubated 60 min in Krebs-bicarbonate (KRBS) in

order to remove extraneous radioactivity from the tissues.

In order to demonstrate outward transport, the conditions of inward
transport must be reversed. Thus, Na and amine were present within the cell
and absent from the incubation medium. Outward transport should be demon- '

strable by nerve endings containing Na, but not by slices containing inactive

replacements for Na at the Na-dependent carrier. The composition of intra-
cellular electrolytes was manipulated by auto-dialysis of the slices for 18
hours at 0° in media containing Na, or the Na replacements: Li, choline or K.

The auto-dialyzed nerve endings were then transferred to KRBS and incubated at

37°. The efficiency of the mechanisms underlying storage was expressed in
terms of half-lives of storage. This was expressed as the rate constant of I
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efflux of the NE contained in the slices. Transport should be blocked by
desipramine, an inhibitor of inward transport.

Major Findings : In Table 1, the half-lives of retention of control nerve
endings previously auto-dialyzed in the various solutions are compared with
those in the presence of desipramine.

Table 1

Effect of desipramine on efflux
of NE

Auto-dialysis Solution
Na Choline Li K

t-1/2 (minutes)
T-1/2 control 91 144 125 116

T-1/2 desipramine
(3.8 X 10"%) 119 141 124

The major points of the table are: 1) Intracellular Na accelerates
efflux, as compared to intracellular Na replacements. The accelerated
efflux is slowed by desipramine. Desipramine had no effect on the rates
of efflux from the nerve endings containing Na replacements.

The efflux of NE from slices incubated in Kreb's solution was increased
in experiments in which the Na in the dialysis solution was replaced by
choline. Normally, the Ca in Kreb's decreases efflux. This finding sug-
gests that the antagonism between Na and Ca (previously reported) is intra-

cellular.

The conclusions are: Calcium immobilizes stored NE which can then be
transported out of the nerve ending into the synaptic cleft by means of a

Na-dependent carrier. Outward transport is inhibited by desipramine.

Significance to Biomedical Research and to the Program of the Institute :

These findings contribute to the understanding of storage, mobilization and

release of neurotransmitters by the nerve ending. These processes may be
involved in the synaptic transmission of nerve impulses.

Proposed Course of Project : Studies on storage and release will be
continued.

Honors and Awards : None

Publications: None
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Project Title:
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Individual Project Report
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The effect of enzyme induction on synthesis
and catabolism of corticosterone in rats.
Analysis by means of steady-state kinetics

Previous Serial Number: NHLI-262

Principal Investigators: Dr. Donald F. Bogdanski
Dr. Thomas P. Blaszkowski

Other Investigators;

Cooperating Unit:

Project Description:

None

Dr. Blaszkowski holds
Fellowship.

a Hoffmann-La Roche

Objectives

:

The purpose of this work was to apply steady-state kinetics
to the problem of estimation of the rates of synthesis and catabolism of

corticosterone in the rat. Having done so, it would become feasible to

analyze the effects of drugs affecting the synthesis or catabolism of corti-
costerone on plasma levels of steroid.

Methods Employed : Corticosterone in rat plasma was estimated by standard
procedures. Two methods used for the estimation of steady-state parameters
were compared and found to yield significantly different results. The methods
and the results of their use are summarized as follows: The rapid intra-
venous injection method involves the killing of individual rats at various
time intervals after the injection of a standard dose of radioactive tracer.

Rate constants of the disappearance (k) of tracer from plasma are estimated
from the exponential decline of plasma levels as plotted on semi-logarithmic
graph paper. The rate of synthesis is calculated from the steady-state re-
lationship :

I

Rate of synthesis, (K) = Rate of metabolism (Ic ) , times the steady-state
plasma level (C)

The practical disadvantages of this method are manifold. The injection
of tracer disrupts the steady-state by causing an outpouring of corticosterone
from the adrenals. This effect is slight or absent if the animals are deeply
anesthetized. However, the method requires an accurate estimation of the i
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volume of distribution of drug. This measurement cannot be made accurately
for a drug metabolized as rapidly as corticosterone, because the tracer does
not come to equilibrium with the multiple components of the whole body pool.

A better method involves the infusion of tracer quantities of radioactive
steroid until the steady-state is achieved. This requires about 90 min or

more of continuous infusion at a constant rate. Upon cessation of the in-
fusion, a biphasic decline in plasma levels occurs, the exponential phase
having a half-life (t-1/2) of about 37 min as compared with 23 min estimated
by the single injection method. The difference reflects the equiliberation
of tracer administered by infusion with the whole body pool. The rate of
synthesis is easily calculated, provided that 1) the tracer quantity is too
small to increase the whole body pool, 2) the tracer is in equilibrium with
the whole body pool, and 3) the rates of infusion and adrenal secretion are
constant throughout the experiment. Under these conditions, the plasma con-
centration of tracer represents a certain small proportion of the concentra-
tion of endogenous steroid. The rate of infusion is known, and is related to
the rate of adrenal output by the same proportion.

Thus, the rate of synthesis of corticosterone is given by a modification
of the steady-state formula previously given above.

During infusion of tracer amounts of corticosterone the rate of synthesis
of corticosterone can be estimated by the formula:

K = X-K'

K' is the infusion rate of radioactive corticosterone and where X is the ratio
of total to radioactive corticosterone:

X = yg/ml total corticosterone - yg/ml labeled corticosterone
yg/ml labeled corticosterone

With this method, the rate of synthesis of corticosterone in rat adrenals was
estimated at 150 yg/kg/hr. This value agrees closely with that obtained by
the far more laborious method of collecting venous effluent from the rat
adrenal gland.

The method of calculating the rate of catabolism of corticosterone was
checked by a different method. The disappearance of endogenous corticosterone
was estimated after injection and infusion of metopirone, an inhibitor of

adrenal 11-6-hydroxylase. Endogenous corticosterone disappeared biphaslcally

,

the exponential phase having a half-time of 45 minutes.

Certain drugs, such as phenobarbital, are known to induce liver micro-
somal NADPH enzymes that can metabolize steroids. Phenobarbital does not
reduce plasma levels of corticosterone, however, indicating that the adrenal
gland compensates for the Increased metabolism of the steroid by increasing
its rate of synthesis. Increased metabolism after enzjrme Induction is shown
in the larger k values calculated by both techniques. Moreover, the steady-
state plasma level of tracer, but not endogenous steroid, is lower in the rats
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subjected to the infusion experiments. The rate of adrenal output of corti-
costerone in the phenobarbital treated rats is about twice that of controls.

Significance to Biomedical Research and the Program of the Institute :

Drugs which alter the synthesis or metabolism of adrenal corticosteroids are
potentially harmful to the organism if the drugs produce long-lasting alter-
ations in the plasma levels of these steroids. With phenobarbital, a widely
used hypnotic and sedative drug, there is apparently little or no danger be-
cause the rat compensates for increased metabolism by increasing the rate of

synthesis of corticosterone, thereby maintaining constant levels of adrenal
corticoid.

Proposed Course of Project : Additional studies of steady-state kinetics
are the subject of another project report. This aspect of the program is

terminated.

Honors and Awards : None

Publication:

Bogdanski, D.F., Blaszkowski, T.P. and Brodie, B.B. : Effects of enzyme
induction on synthesis and catabolism of corticosterone in rats.
Analysis by means of steady-state kinetics. J. Pharmacol. Exp. Therap .

179: 372-379, 1971.
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Project Title: Studies on the pharmacology and physiology of the

lung

Previous Serial Number: None

Principal Investigators: Dr. Jerome H. Fleisch
Dr. Kenneth M. Kent
Dr. David Jacobowitz
Dr. Theodore Cooper

Other Investigators:

Cooperating Units:

None

Dr. Kent is a Clinical Associate in the Cardiology
Branch, NHLI
Dr. Jacobowitz is Chief of the Histopharmacology
Unit in Laboratory of Clinical Science, NIMH
Dr. Cooper is the Director of the National Heart
and Lung Institute

Project Description:

Objectives : We have previously shown the existence of alpha adrenergic
receptors in mammalian trachea (Fleisch e_t a^. , Amer. J. Physiol. 218 : 596,
1970). The present study was designed to determine if adrenergic broncho-
constriction can be attributed to these sites. Furthermore, the role that
adrenergic and cholinergic innervation of the pulmonary system plays in the

action of pharmacologic agents was investigated.

Methods Employed : Several small pieces of calf lung were frozen in iso-

pentane cooled with liquid nitrogen. The tissues were prepared for catechol-
amine visualization according to the method of Falck and Hillarp (Falck e_t al .

J. Histochem. Cytochem. _10: 348, 1962). All sections were mounted in xylene
and observed under a fluorescence microscope by means of a BT 12 exciting
filer and a Zeiss 47 barrier filter. Photomicrographs were taken with Tri-X
filter.

Physiological studies were conducted in cats and calves. Various pul-
monary and cardiovascular parameters (pulmonary resistance, heart rate, blood
pressure, etc.) were measured. The effects of adrenergic and cholinergic
nerve stimulation and the influence of various drugs on these indices were
assessed

.
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Major Findings : Histochemical investigations revealed cholinergic ]

ganglia in hilum from calf lung. These ganglia contained an intraganglionic i

system of adrenergic nerve terminals in close anatomical proximity to the

cholinergic cell bodies. The physiological studies were hampered by various
!

technical considerations. However, some of these drawbacks have been overcom-

and further experimentation along these lines is being undertaken. i

Significance to Biomedical Research and the Program of the Institute :

It is proposed that adrenergic innervation of the calf lung serves as a modu-

lator at cholinergic synapses. This coupled with the finding of a-adrenergic
receptors in the pulmonary system indicates that adrenergic drugs used in the

treatment of bronchial disorders may exert effects not only on pulmonary
tissues per se but also on synapses in close proximity to the lung.

Proposed Course of Project : We plaij to continue these studies and hope
to characterize further the role of adrenergic innervation of cholinergic
ganglia and alpha receptors in respiratory mechanisms.

Honors and Awards: None

Publications: None

^**



Serial No. NHLI- 65
1. Chemical Pharmacology
2.

3. Bethesda, Md

.

PHS -NIH
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Project Title: Interaction between nitrofurazone and various
tissues from rabbit or rat

Previous Serial Number: None

Principal Investigators: Dr. Bitten Stripp
Dr . Raymond Menard
Dr. James R. Gillette

Other Investigators: None

Cooperating Unit: None

Project Description:

Objectives : Nitrofuran derivatives have recently been shown to exert

potent carcinogenic activity in rodents, the mammary gland being the most
susceptible tissue to tumor induction. In addition, the nitrofurans can

cause testicular necrosis in rats followed by a maturation arrest. Since
nitrofurans are known to be reduced to the corresponding amines by hepatic
enzymes located in the microsomal and soluble fraction, the possibility
exists that during their reduction the nitrofurans can form hydroxy lamines

,

which could be highly reactive alkylating agent. Whether these reactive in-

termediates are formed in the liver and subsequently transported to the extra

hepatic tissues where the damage occurs or whether the extra -hepatic tissues
themselves are responsible for the formation of the metabolites is not known.

In the liver, the NADPH cytochrome c reductase and the xanthine oxidase have

been shown to catalyze the reduction of nitrofurans. Both enzymes are ubiq-
uitous and especially xanthine oxidase might be expected to be present in

mammary tissue in substantial amounts during lactation or late pregnancy.
Moreover, anaerobic conditions have been shown to favor the reduction of nitro-

furans in the liver, since the reduced products are readily reoxidized. Thus,
one might expect to find favorable conditions for nitroreduction in relatively
slowly perfused tissues such as testes and mammary glands.

It is now recognized that compounds which form intermediates such as e-

poxides, N-hydroxy lamines or free radicals can react with tissue macromole-
cules presumably by covalent bonding and thereby produce tissue lesions. It
is further recognized that glutathione (GSH) plays an important role in pre-
venting tissue lesions since most of the covalent bonding occurs after GSH be-
comes sufficiently depleted from the cells. With these findings in mind, a

study was started to investigate the 1) "in vivo" and "in vitro" interaction
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between tissue macromolecules and nltrofurazone and 2) the role of GSH in th,i

reaction.
|

Methods Employed : The metabolism of nltrofurazone (-^^C) was quantitatedj
by measuring the amount of -'-^C labeling left in the precipitated proteins

|

after exhaustive washing with organic solvents. „jl

If
Major Findings : Dialyzed 9,000 x g supernatant prepared from rabbit

;

mammary glands 6 days before term covalently bound 1-2 nmoles ('-^C) nitro- I

furazone per mg protein per 30 min, when hypoxanthine was used as an electroi

donor in a No atmosphere. Under similar conditions the placenta and liver
from rabbits bound 0.1 and 0.2 nmoles, respectively. The "in vitro" binding
in mammary tissue, placenta and liver was partly prevented (50-90%) by Allo-
purinol (10-5M) and almost completely prevented by omission of hypoxanthine.

When a NADPH generating system was used instead of hypoxanthine, the

binding in mammary tissue decreased about 70% while it increased 6-10 fold ii

placenta and liver.

Dialyzed 78,000 x g supernatant from rat liver and testes bound approxi-
mately 1 nmole (-'-^C) nltrofurazone and 0.3 nmoles respectively with hypo-
xanthine as a cofactor. With a NADPH generating system and microsomes from
these two tissues, the same amount (1 and 0.3 nmoles) of binding occurred.
The cytochrome c^ reductase activity in testes was one third of that in the
liver. In all the tissues used, GSH added to the dialyzed supernatant or th(

use of undialyzed supernatant strongly inhibited the binding.

Significance to Biomedical Research and to the Program of the Institute :

Since nitrofurans are widely used antibacterial drugs, it is vitally impor-
tant to evaluate their toxicity in various tissues and to establish the con-
ditions under which the toxicity is enhanced or prevented.

Proposed Course of Project : This study is being continued with emphasis
on the "in vivo" interaction between (I'^C) nltrofurazone and various tissues
and the elucidation of the physiological and pharmacological factors involved
in this interaction.

Honors and Awards : None

Publications: None

<
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Project Title: Drug metabolism in fetal tissue

Previous Serial Number: None

Principal Investigators: Dr. Bitten Stripp
Dr . Raymond Menard
Dr. James R. Gillette

Other Investigators: Dr. Amin Suria

Cooperating Unit: Dr. W. Peterson, Chairman, Department of

Obstetrics and Gynecology, Womens Free Clinic,
Washington Hospital Center

Project Description:

Objectives : Until very recently the metabolic activity in mammalian
fetuses was considered very low or nil, based upon studies in rats, rabbits
and hamsters. However, recent reports indicated that human fetuses possess

low, but measurable metabolic activity by the mixed function oxidase system
in liver. These findings suggested that human fetuses may be exposed to

toxic intermediates formed not only by the mother but also by fetal tissues.

However, the possibility also existed, that qualitative differences in meta-
bolic activities might be present between mother and fetus, thus exposing
the fetus to metabolic products which normally are not present in the adult.

The purpose of the present study was to determine whether the liver or

other tissues of the rabbit and human fetus were capable of interacting with
compounds, such as bromobenzene or diethylstilbestrol, which presumably
during their metabolism can form toxic intermediates. It also was to deter-

mine the metabolism of these substances as related to metabolism of chlor-
cyclizine, benzpyrene and testosterone. The latter compound was chosen be-

cause the levels of steroids are known to be high in fetal life.

Methods Employed ; Human fetuses were obtained from the Womens Free Clinic,

where vacuum curettage was performed between the 6th and 12th week of preg-
nancy. The fetal tissues were separated from the total pulp of tissue con-

centrated in the vacuum filter and immediately stored on dry ice. Rabbit
fetuses were removed at 2-10 days before term, the livers excised and assayed
on the same day

.

Covalent binding of the substrates was measured by methods reported by

others from this laboratory. Chlorcyclizine N-demethylase activity was
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measured by assaying the amount of nor-chlorcyclizine through acetylation
with (3h) -acetic anhydride.

Major Findings ; Despite previous findings showing metabolic activity in
human fetal liver, we were unable to detect any benzpyrene hydroxylase activ-
ity, N-demethylase activity, testosterone metabolizing activity or capacity
to covalently bind either ('•^C) -bromobenzene or ^C-diethylstilbestrol in the
liver, kidney or small intestine. The apparent lack, of metabolic activity
may be due to the young age of the fetuses since previous data were obtained
from fetuses of 12 weeks or older and obtained via hysterectomy or hysterot-
omy.

In livers of rabbit fetuses the benzpyrenehydroxylase activity, the chlor-
cyclizine N-demethylase activity and the testosterone metabolizing activity
were small but measurable at least as early as 10 days before term. The meta-
bolic activities and cytochrome P-450 content were approximately 2-107o of the
activities measured simultaneously in the maternal liver but no direct corre-
lation between the age of the fetus and its metabolizing activity was noticed.
The nitroreductase activity measured by covalent binding of ^^C nitrofurazone
under anaerobic conditions was surprisingly high in fetal rabbit liver micro-
somes and was comparable to that of the mother. The activity in the corre-
sponding dialyzed high speed supernatant, however, was very low, indicating
that rabbit liver have low levels of xanthine oxidase but may have high
levels of cytochrome £ reductase activity early in fetal life.

Significance to Biomedical Research and to the Program of the Institute :

The susceptibility of the fetus to toxic and/or teratogenic effects of
foreign compounds may be due to metabolic events occurring in the fetus it-
self. Thus, the knowledge of metabolic pathways in the fetus is of great
importance when administering drugs during pregnancy.

Proposed Course of Project ; This project is being continued to include
other species and to further study interaction between fetal tissues and
nitrofurazone

.

Honors and Awards; None

Publications; Stripp, B,, Zampaglione, N., Hamrick, M. and Gillette, J.R.:
An approach measurement of the stoichiometric relationship
between hepatic microsomal drug metabolism and the oxidation
of reduced nicotinamide adenine dinucleotide phosphate.
Mol, Pharmacol, 8; 189, 1972,

Stripp, B,, Greene, F.E. and Gillette, J.R.; Extinction co-
efficients for cytochrome P-450 in hepatic microsomes from
male and female rats. Pharmacology 6^; 56, 1971.

Greene, F.E., Stripp, B. and Gillette, J.R.; Effect of
methylcholanthrene or phenobarbital pretreatment of rabbits
and rats on the extinction coefficient for cytochrome P-450.
Pharmacology 5: 43-48, 1971.
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PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Protective effects of Dibenamine pretreatment
against CCl/-induced changes in mixed function
oxidase systems of liver microsomes

Previous Serial Number;

Principal Investigators: Dr

.

Bitten Stripp
Dr . I . Glenn Sipes
Dr. Harriet M. Maling
Dr. Gopal Krishna
Dr. James R. Gillette

Other Investigators: Dr. G. Corsini
Dr , A . Suria
Mrs. Martha A. Williams
Miss Ethel Boykins

Cooperating Unit: None

Project Desc iption:

Objectives : This laboratory has found that the hepatic necrosis and the
increases in plasma glutamic-pyruvic transaminase and liver triglycerides
found 24 hours after the administration of CCl/ to rats are markedly de-
creased by prior administration of Dibenamine LN-(2-chloroethyl)dibenzylamine]
hydrochloride (25 mg/kg s.c. 48 and 24 hr before CCI4) . In this project, we
have measured the effects of Dibenamine pretreatment on in vitro binding of

^CCl. to liver microsomal protein, N~demethylation of ethylmorphine and di-
methylnitrosamine by liver microsomes and the microsomal level of cytochrome
P-450. Dibenamine may protect against CCl4-hepatotoxicity by protecting liver
microsomal enzyme systems from CClA-induced alterations.

Methods Employed : Binding of '-^CCl/ to microsomal protein has been mea-
sured by the procedure described in another Annual Report. Microsomal enzyme
activities and cytochrome P-450 levels have been measured by standard methods.

Major Findings : Pretreatment with Dibenamine partially prevented the CCl^-
induced decreases in liver microsomal content of cytochrome P-450, in ethyl-
morphine demethylation and in liver microsomal protein content.

When measured 24 hr after the second dose of Dibenamine, a time that
corresponds to that of CCl/ administration, the in vitro binding of CCI4 to

liver microsomal protein was decreased by 447o and the N-demethylation of ethyl-
morphine and dimethylnitrosamine by liver microsomes were impaired. At this
time, the microsomal content of cytochrome P-450 was decreased only slightly
(23%) and NADPH cytochrome c. reductase activity was apparently unchanged.
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Significance to Biomedical Research and the Program of the Institute ;

Dibenamine inhibits the metabolic activity of the mixed function oxidase
system without appreciably affecting the amount of its terminal oxidase,

cytochrome P-450, and may thus provide a useful tool in the study of 1)

mechanisms of inhibition of drug metabolism and 2) mechanisms responsible
for CCl -induced hepatic injury.

4

Proposed Course of Project ; Since Dibenamine pretreatment has been shown

to protect rats against the hepatotoxicity of thioacetamide and dimethyl-
nitrosamine, studies will be made of its effects against changes in liver
microsomal mixed function oxidase system induced by these compounds.

Honors and Awards: None

Publications: None
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PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Destruction of hepatic microsomal hemoproteins by

compounds which are likely to form epoxides during
their metabolism

Previous Serial Number: None

Principal Investigators: Dr. Bitten Stripp
Dr. Raymond Menard
Dr. James R. Gillette

Other Investigators: Dr , David Jollow

Cooperating Unit: None

Project Description:

Objectives : Certain barbiturates and other structurally unrelated com-
pounds are known to cause human hepatic prophyria and experimental prophyria
in laboratory animals, the most effective among the barbiturates being those
which contain an allyl group. Although the 6-amino-levulinic acid synthe-
tase (5-ALA) is increased in the liver following the administration of pro-
phyria producing compounds, the exact mechanism behind this increase is not
fully understood. It is postulated, however, that an initial breakdown of
heme via a control feedback mechanism may cause the increase in 6-ALA syn-
thetase. Supporting this theory is the finding that allylisopropylacetamide
(AIA) , a barbiturate derivative, has been found to cause an initial rapid de-
crease in cytochrome P-450 due to a breakdown in cytochrome P-450 heme, while
no effects on other microsomal enzymes were noticed. A metabolite of AIA is

thought to be responsible for the destruction of cytochrome P-450, since com-
pounds which induce microsomal drug metabolism also enhance the breakdown of
cytochrome P-450 by AIA. The C^C double bond is capable of being converted
to an epoxide which can be a very reactive intermediate and at least in the

case of secobarbital an epoxide is indeed formed "in vitro" by liver micro-
somes. It is therefore plausible that compounds which have the potentiality
of being converted to epoxides might cause a destructive effect on microsomal
cytochrome P-450 upon their administration. To test this hypothesis a variety
of compounds were scheduled to be tested for their cytochrome P-450 and b^

destructive abilities - the compounds having nothing in common except that
they are thought to form epoxide intermediates

.

Methods Employed ; Standard biochemical methods were employed.
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Major Findings ; The compounds tested so far in male S.D. rats were; I

allylalcohol, secobarbital, styrene, bromobenzene and tetrahydronaphthalene

.

Of these, allylalcohol seemed the most potent destructor of heme since a

steady decrease in both cytochromes was seen during the first 24 hour fol-

lowing its administration. Secobarbital caused initially a very little de-

crease and subsequently an increase in cytochrome P-450 but had no effect

on cytochrome b^ , Bromobenzene in dose approximately 10 times that of allyl-

alcohol had a much smaller effect on both cytochromes although definite de-
|

creases were observed 12 and 24 hours after administration. Since allyl-

alcohol and bromobenzene, but not secobarbital, cause hepatic necrosis and

since only the two former affect cytochrome b^, the destruction of this cyto-

chrome relative to the destruction of cytochrome P-450 might be an indication

of production of hepatic necrosis.

Styrene and tetrahydronaphthalene were without effects, indicating either

that the levels of epoxides were too low to initiate destruction or that the

epoxides themselves were too stable to interact with hemoproteins

.

Significance to Biomedical Research and the Program of the Institute ;

To produce safer drugs, it is important to know if a reactive, toxic inter-

mediate is likely to be formed during the metabolism of the drug. The de

struction of cytochrome P-450 heme might provide a good indication of whether

such an intermediate is produced and might also indicate if the drug has por-

phyrogenic activities.

Proposed Course of Project ; Additional compounds are scheduled to be

tested and the tests are planned to be conducted in induced rats.

Honors md Awards: None

Publications; Stripp, Bitten and Gillette, James R.: Factors affecting

metabolism of drugs and their pharmacological and toxi-

cological activity. J. Pharm. Sci., in press.
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Project Title: Studies on the mechanism of potentiated carbon
tetrachloride toxicity following pretreatment with
acetone and isopropanol

Previous Serial Number: None

Principal Investigators: Dr. I. Glenn Sipes
Dr. Bitten Stripp
Dr. Gopal Krishna
Dr. Harriet M. Maling

Other Investigators: Mrs. Martha A. Williams
Mr . William Saul
Miss Ethel Boykins

Cooperating Unit: None

Project Description:

Objectives : It is generally accepted that CCl^ must be converted to an
active intermediate by the liver microsomal system in order to produce its

hepatotoxic effects. This active metabolite can then combine covalently
with tissue macromolecules and thus alter the integrity of the cell. Various
aliphatic alcohols have been reported to potentiate the hepatotoxicity of

CCI4. Traiger and Plaa (Toxicol. Appl. Pharmacol. 20: 105-112, 1971), re-
cently reported that of a series of alcohols, isopropanol produced the most
marked potentiation. This potentiation did not occur immediately, but
reaches a peak when administered 16 to 18 hours prior to CCl, . This delay
suggested that isopropanol may act indirectly, either via a metabolite or by

enzymatic induction. Since acetone is a metabolite of isopropanol, it is con-

ceivable that acetone may mediate the enhanced CCl^ toxicity. The purpose of

this study was to compare the effects of isopropanol/or acetone treatment on
the conversion of CCl/ to its active intermediate and other indices related
to the metabolic activity of liver microsomes

.

Methods Employed : Male rats received either 2.5 ml/kg of acetone or

isopropanol as 2.57o solution in water orally and were sacrificed at specified
time intervals. Microsomes were prepared by standard procedures. The in

vitro covalent binding of ^CCl, and CHClo to microsomal protein was de-
termined as described in a previous report. Microsomal demethylase activity
was determined by following the formation of HCHO from ethylmorphine and di-
methylnitrosaraine . Cytochrome c reductase, cytochrome P-450, plasma GPT and
liver triglycerides were determined by standard biochemical techniques.
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Major Findings ; Tralger and Plaa, utilizing Increases In plasma GPT,
bilirubin, liver triglycerides and decreases in glucose-6-phosphatase to

assess hepatotoxicity , found maximum effects at 16 to 18 hours after isopro-
panol pretreatment . In our studies both acetone and isopropanol produced

their maximal Increase of 3 to 4 fold in the covalent binding of CCI4 to pro-

tein at 16 hours after pretreatment. The binding was significantly enhanced
at 24 hours, but not at 1, 2, 4 or 40 hours. Similar findings were found for

CHCI3.

Pretreatment with either acetone or isopropanol did not enhance the de-
methylase activity of the microsomes when ethyl morphine was used as the sub-

strate. However, pretreatment with either acetone or isopropanol produced a

3-fold increase in the demethylation of dimethylnitrosamine at 16 and 24 hours

after pretreatment. No significant changes were found in the microsomal con-
centration of cytochrome P-450 or cytochrome £ reductase.

Pretreatment with acetone or isopropanol alone did not produce any
changes in plasma GPT levels or liver triglyceride concentration. However,
when CCI4 (0.1 ml/kg i.p.) was administered to rats which had been pre-
treated with either acetone or isopropanol, plasma GPT levels and liver
triglycerides were increased 2 to 4 times as compared with those which
received no pretreatment.

Significance to Biomedical Research and to the Program of the Institute :

If drugs and chemicals are metabolized via the liver microsomal system to

relatively toxic intermediates, exposure to various aliphatic alcohols may
enhance this specific metabolic conversion and thus potentiate toxic effects
Even though ethanol is reported to be much less active than isopropanol, its

abuse by the general population may lead to many toxic drug-ethanol inter-
actions. Similarly, diabetics are known to be more susceptible to certain
drugs than nondiabetics . One possible reason may be due to an elevation of
ketone bodies which might alter the liver microsomal system and thus make
the drugs more toxic.

Proposed Course of Project ; If isopropanol were producing its potentia-
tion, via acetone, the administration of acetone should result in an earlier
potentiation of covalent binding, elevated plasma GPT levels, etc. Since the

time course for both compounds was the same, the relationship between acetone
and isopropanol will be further investigated. Also, since the increase in

covalent binding appears as a sensitive index, other agents such as chloro-
hydrate, trichloroethanol, ethanol would be studied for possible enhancement
of certain metabolic pathways and thus potentiation of toxic effects.

Honors and Awards:

Publications

:
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Project Title:

PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Studies on the tissue distribution and half-life
of fenfluramine and norfenfluramine in the rat

Previous Serial Number:

Principal Investigators:

None

Dr . I . Glenn Sipes
Dr. Michael Eichelbaum

Other Investigators:

Cooperating Unit:

Project Description:

None

Dr. Eichelbaum held a Geigy Fellowship

Objectives : Fenfluramine has been used in clinical therapy as an anorex-
ic agent for many years; however, relatively little is known about its tissue
distribution and half-life in animals or man. The present study was designed
to investigate the tissue distribution, metabolism and excretion of fenflur-
amine and its major metabolite, norfenfluramine.

Methods Employed ; Male Sprague-Dawley rats were injected with fenflur-
amine (30 mg/kg, i.p.) dissolved in physiological saline and sacrificed at

specific time intervals. Various tissues were removed, washed, weighed and
homogenized in ice cold saline. Fenfluramine and norfenfluramine were deter-
mined by gas chromatography after purification by the following quantitative
extraction procedure: extraction into heptane at pH 12; extraction from hep-
tane in In acetic acid; extraction from acetic acid into diethylether at pH
12 and concentration of the ether extract to 50 ul.

The effect of chronic administration of fenfluramine on the tissue con-
centrations of fenfluramine and norfenfluramine was determined by injecting
15 mg/kg i.p, of fenfluramine every 12 hours for 7 days. Also, the in vitro
liver microsomal metabolism of fenfluramine to norfenfluramine (deethylation)
was determined with liver microsomes from normal rats, chronic fenfluramine
pretreated rats and phenobarbital pretreated rats.

Major Findings : The highest concentrations of fenfluramine (109 +5.2 ug/
gm after 3 hrs) and norfenfluramine (100 + 5.7 ug/gm after 12 hrs) were found

in the lung. High concentrations of both compounds were also found in the

salivary glands, brain, spleen and adrenals. Lower concentrations in decreas-
ing order were found in the liver, kidney, heart, intestine, stomach, muscle,
fat and plasma. The plasma and tissue levels of fenfluramine and norfenflur-
amine decline monoexponentially with a t-i /t that ranged from 3.9 to 6,2 hrs
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for fenfluramine and from 8.7 to 15.3 hrs for norfenfluramine. Twenty-four
percent of the dose was excreted in the urine as fenfluramine and 137c, as nor-
fenfluramine ,

Markedly lower tissue concentrations of fenfluramine and norfenfluramine
were found after chronic fenfluramine pretreatment , instead of the expected
accumulation. However, only 127o of the dose was excreted as fenfluramine and

8.57o as norfenfluramine.

The in vitro incubation of fenfluramine at 10"% (apparent K^) with liver
microsomes, and NADPH-generating system results in the deethylation of fen-
fluramine - 3.9 ug/mg protein in 30 minutes. Microsomes from the livers of

chronic fenfluramine pretreated rats had a deethylation capacity twice that
of normal animals, while those from phenobarbital animals were 3 to 4 times
as active.

Significance to Biomedical Research and the Program of the Institute ;

Fenfluramine is known to produce differential effects on the central nervous
system. Although this amphetamine analog usually produces CNS depression,
EEG tracings from various areas of the brain suggest that both stimulation
and depression can occur, depending on the area of the brain. Since fen-
fluramine is readily converted to norfenfluramine and appreciable amounts are
found in all tissues, the possibility exists that part of the pharmacological
actions of fenfluramine may be produced by norfenfluramine. Chronic adminis-
tration of fenfluramine resulted in lower tissue levels of fenfluramine and
norfenfluramine, but also resulted in a decreased urinary output of both com-
pounds. This suggests the chronic treatment results in an additional degrada-
tive pathway for fenfluramine and/or norfenfluramine.

Proposed Course of Proiect ; The above findings suggest two interesting
avenues of study concerning fenfluramine and norfenfluramine: 1) determining
to what degree norfenfluramine plays in the pharmacological actions of fen-
fluramine and 2) investigating how chronic treatment with fenfluramine alters
its metabolism.

Honors and Awards: None

Publications: None

i
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Project Title: Studies on the mechanism of CCI4 and CHCI3
induced hepatotoxicity

Previous Serial Number: None

Principal Investigators: Dr . I , Glenn Sipes
Dr. Giovanni U. Corsini
Dr. Gopal Krishna

Other Investigators; Miss Ethel M. Boykins

Cooperating Unit: None

Project Description:

Objectives : Since studies in this laboratory have indicated that the
hepatotoxicity of bromobenzene and other halogenated aromatic hydrocarbons
may result from the covalent binding of an active intermediate to tissue
macromolecules , it was of interest to determine if two other hepatotoxins

,

CCl/ and CHClo, may produce tissue necrosis by a similar mechanism. There-
fore, the factors affecting the covalent binding of CCI4 and CHCI3 to micro-
somal protein was investigated by utilization of an in vitro test system
developed in this laboratory and by correlating it with the hepatotoxicity
produced by _in vivo administration.

Methods Employed ; Microsomes were isolated from male rats and washed
once with Tris-KCl buffer according to standard procedures. These microsomes
(1 mg/ml) were incubated with a NADPH-generating system at 37°C, pH 7.4 with
^C-labeled substrate was added (at a final concentration of 10"-%) to

initiate the reaction. 1 ml of 107„ TCA was added to stop enzymatic reactions
and to precipitate the proteins. The protein precipitate was then extracted
with hot methanol: ether (3:1) at 60°C, 10 times in order to remove any radio-

label that was not covalently bound to protein. Following the final wash,
1 ml of In NaOH was added to dissolve the protein precipitate and 0.5 ml of
the resulting solution was taken for radioactive determinations in order to

determine the degree of covalent binding. Pronase (15 mg in Potassium
Phosphate buffer, pH 8.0) was added to the remaining 0.5 ml of protein solu-
tion which had been adjusted to pH 8 . After 3 to 5 days of incubation at

37°C, an aliquot of protein hydrolysate was subjected to amino acid analyses.
Fractions were collected for radioactive determination.

For the in vivo studies, CCI4 in sesame oil was administered i.p. to nor-
mal and phenobarbital-induced male rats in varying doses and the animals sac-
rificed at several time intervals after CCl/ administration. Plasma was ob_
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tained for plasma GPT and bilirubin levels and a liver slice was fixed in

formalin buffer for histological examination. The slices were stained for

glycogen.

Ma.ior Findings ; Table I is a representative experiment that summarizes

the degree of covalent binding of CCl^ and CHClo to microsomal protein and

the effects produced by the addition of various agents known to block the

cytochrome P-450 system. This data suggests that the active intermediates
for CCl/ and CHClo are not generated by the same microsomal enzyme system.

CHCI3 metabolism appears to depend on an active cytochrome P-450 system,

since the metabolism is reduced by such inhibitors as CO, SKF 525-A and N2

•

Apparently, cytochrome P-A50 is not necessary for generation of CCI4 active
intermediates, since the binding is actually enhanced in anaerobic conditions

(N2) or incubation with SKF 525-A. The inhibition produced by CO on CCI4
covalent binding suggests a CO sensitive component involved in the reductive
cleavage of CCI4. Inhibition of covalent binding of both CCI4 and CHCI3
by glutathione (GSH) indicate it may be bound to SH groups in the protein.

Table I

In vitro covalent binding of CCl, and CHClo to microsomal
protein and the effects of addition of various agents

CCl^ CHCI3

pmoles/mg/10 min

Microsomes from control rats 324 94

Microsomes from phenobarbital-induced rats 550 370
+ under N2 2550 60

+ under C0:02 (8:2) 135 67

+ SKF 525-A (10"%) 900 92

+ GSH (3 mM) 62 31

minus NADPH 68 64

+ 100,000 X g(dialyzed)
supernatant 542 500

Although these findings have been verified several times, it is difficult
to pool all data on a picomole/mg protein basis because of the variability in

the binding of the substrate and in the degree of induction from experiment
to experiment. However, phenobarbital usually produced a 1.5 to 3 fold in-

crease in the binding of CCI4 and a 3 to 4 fold increase in the binding of

CHCI3 to microsomal proteins.

The binding of CCI4 to microsomal protein is linear with protein concen-

tration up to 6 mg/ml, while the binding of CHCI3 is linear with a protein
concentration up to 4 mg/ml. This reaction appears to be linear up to 2

minutes after which the rate of binding appears to decrease slightly and

then reached a plateau at 10 minutes.

The protein hydrolysate containing CCIa binding when subjected to amino
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acid analysis indicated the majority of covalently bound CCI4 appeared in a

single radioactive amino acid peak which is co-chromatographed with the cy-

steic acid.

Table II summarizes the effect of various doses of CCI4 on the degree of

liver necrosis and plasma glutamic -pyruvic transaminase levels in control and
phenobarbital induced male rats, 24 hrs after the administration of CCl^.

Table II

Effects of various doses of CCl/ on degree of liver necrosis and plasma

GPT levels in rat 24 hr after CCl^ (i.p.)

GPT
Dose N Necrosis Karmen Units + S .E

.

ml/kg Control Phenobarbital Control Pheno-
induced barbital

0.0 3

0.1 3

1.0 3 4+

There appears to be no strict correlation between the degree of necrosis and

plasma GPT levels. This fact is further confirmed by the following experi-
ment where those effects of CCl/ were compared with at various time intervals
after the administration. The effect on bilirubin may be independent . from the

effect on liver necrosis in that it is only seen in phenobarbital induced
animals. These studies indicate that the various effects produced by CCIa

may not be strictly related and the measurement of plasma GPT does not indi-

cate the degree of liver necrosis and this cannot be used as a measure of

liver necrosis.

Table III summarizes the effects of CCIa (1 ml/kg) on the degree of liver

necrosis, plasma GPT and bilirubin level in normal and phenobarbital induced
male rats, at various time intervals after CCI4 administration.

Table III
Effects of time after CCl, on the necrosis, plasma GPT and

bilirubin in normal and PB-induced rats

19 + 1 14 ± 2

3+ 49 + 12 60 + 16

4+ 280 ± 8 390 ± 106

Time Necrosis Karmen Units + SEM Bilirubin ± SEM
(hr) N Control PB induced Control PB Induced ug/ml PB

Control Induced

3 14+3 14+3 0.60 + .1 0.60 + .10

4 3 1+ 32 ± 4 41+12 0.60 +.06 0.60 + .10

8 3 2+ 1+ 215 + 49 320 + 26 0.60 + .1 0.80 + .10

17 3 2+ 2+ 256 + 52 541 + 47 0.60 + .06 3.40 + .27

24 3 4+ 3+ 378 476 ± 78 0.60 + .02 6.80 + .11

48 2 3+ 4+ 89 + 44 1188 0.60 + .06 10.00 + .60

^/S
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Significance to Biomedical Research and to the Program of the Institute ;

CCIa and CHClo have been known to produce tissue necrosis but the actual
mechanism by which this necrosis is produced Is not clearly understood. The
fact that these two chemicals are metabolized by the microsomal enzyme system
to active intermediates and that these reactive metabolites bind covalently
to the microsomal protein suggest that this binding may be the initial event
that results in the liver necrosis. However, CCIa has been shown to label
the lipid fraction of the microsomes and that this labeling is due to the

formation of a highly reactive intermediate and not the parent molecule.
Therefore, it appears that an alteration of the endoplasmic reticulum occurs
following CCl, administration and that the alteration may result in the sub-

sequent changes that take place - such as the actual necrosis observed his-
tologically, the increases in plasma GPT and unconjugated bilirubin, and a

decrease in protein synthesis and a specific destruction of cytochrome P-450.
These changes may be the result of the primary reaction of an active metabo-
lite of CCl^ with the microsomal lipids and proteins. Thus by studying this
primary reaction in vitro and agents that block this binding may help to

understand the mechanism of CCIa toxicity.

Proposed Course of Project ! Since the covalent binding of CCI4 and CHCI3
to protein was studied _in vitro , it will be necessary to determine if such
binding occurs following the in vivo administration and if the bound radio-
activity is co-chromatographed with the same amino acid as found in vitro.
Similarly, the effects of various pretreatments known to alter the metabolism
of CCI4 and CHCI3 in vivo (phenobarbital, SKF 525-A, 3 methylcholanthrene)
will be investigated to determine if there is a correlation with between
liver necrosis and covalent binding and with in vitro findings. If such
correlations are shown to exist, the feasibility of using such a system for

the screening of various chemical agents for potential tissue toxins will be

evaluated

,

Honors and Awards: None

Publications: None
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2. Drug Tissue Interaction
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Mechanism of renal necrosis induced by
chlorobenzene or bromobenzene

Previous Serial Number: None

Principal Investigator: Dr. Watson D. Reid

Other Investigator: Mr. John George

Cooperating Unit: None

Project Description:

Objectives : Drug metabolism plays an important role in the mechanism by
which some foreign compounds cause necrotic lesions in tissues. Our previous
studies showed that centrolobular necrosis of the liver produced by admini-
stration of bromobenzene, or other aromatic hydrocarbons, is caused by a

highly reactive metabolite which binds covalently to proteins of those cells
which subsequently become necrotic. The possibility that aromatic hydro-
carbons might also produce kidney damage was suggested by the observation
that after administration of C-bromobenzene the concentration of covalent-
ly bound radiolabeled material was greater in the kidney than in any other
organ except liver.

Methods Employed : Male C-57 Black/6 mice weighing 20 g were injected,
i.p. with "'"'^C-bromobenzene or -'"^C-chlorobenzene (4.5 mmoles/kg) dissolved in
0.2 ml of sesame oil. The animals were killed at various times and a section
of the kidney was taken for histology. Autoradiograms were made of paraffin
sections by standard techniques. The remainder of the kidney was homogenized
in 4 volumes of saline and the homogenate extracted with 5 volumes of heptane.

Proteins were precipitated with 10% TCA and the pellet was suspended in meth-
anol at 60° and shaken for 10 min. After 5 extractions with hot methanol al-
most no further radioactivity could be extracted from kidneys. The pellet
was dissolved in 1 N NaOH, and aliquots were taken for liquid scintillation
and for protein determination by the biuret method.

Major Findings : Administration of ^^C-bromobenzene or C-chlorobenzene
(4.5 mmoles/kg) produced hyaline necrosis of the proximal convoluted tubules
of the kidney within 24 to 48 hours, the more consistent results being ob-
tained with "^C-chlorobenzene. Chemical studies revealed that by 24 hours

1
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approximately 2 nmoles of radiolabeled material was covalently bound per mg
of kidney protein. Prior inhibition of -^^C-chlorobenzene or ^^C-bromobenzene
metabolism by treatment with piperonyl butoxide (.4 00 mg/kg 2 hours previously)
blocked the renal necrosis and reduced the covalent binding by 80%, suggest-
ing that both the renal necrosis and the binding may be due to a toxic metabo-
lite. Pretreatment with phenobarbital (100 mg/kg i.p. for 3 days) produced
only slight increments in renal binding and necrosis, possibly because micro-
somal enzymes in the kidney are relatively resistant to the inductive effects
of phenobarbital. A causal relationship between the renal necrosis and the

covalent binding was suggested by autoradiograms of kidneys from mice treated
with -^^C-chlorobenzene or •'^C-bromobenzene showing that most of the bound
radioactivity was localized in the epithelium of the covoluted tubules.

Significance to Biomedical Research and the Program of the Institute :

These studies suggest that the formation of covalent bond between a foreign
compound, or one of its metabolites, and macromolecules in the renal epithel-
ium is a mechanism by which aromatic hydrocarbons produce renal necrosis.
The kidney is a relatively frequent target for the cytotoxic effects of a

wide variety of foreign compounds, including therapeutic agents. It is

possible that many forms of renal toxicity are related to the alkylation of

macromolecules by toxic metabolites.

Proposed Course of Project : We plan to look for a correlation between
binding in the kidney and renal toxicity of various radiolabeled compounds,
and to further evaluate the role of drug metabolizing enzymes in drug-induced
renal necrosis.

Honors and Awards : None

Publications : None
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Other Investigators: Dr. Kenneth F. Ilett
Mr. John George
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Project Description:

Objectives : Early studies by Koch-Weser et^ al . (1953) indicated that

whereas acute administration of bromobenzene to mice causes centrolobular
hepatic necrosis, chronic administration produces a diffuse pattern of liver
damage. Previous studies from this laboratory have shown that the extent of

centrolobular liver necrosis caused by acute administration of bromobenzene
correlates closely with the amount of covalent binding of an active metabo-
lite to proteins of centrolobular hepatocytes. Our more recent investigations
have shown that acute -'-^C-bromobenzene administration also produces necrosis
of the proximal convoluted tubules in the kidney and of the bronchial epi-
thelium in the lung, accompanied by a highly selective accumulation of co-
valently bound radioactivity within the lesions. It was therefore of interest
to study the effects of chronic bromobenzene administration on the covalent
binding of -'-^C-bromobenzene in kidney and lung following administration of a

single dose of the C-labeled hydrocarbon. Furthermore, since covalent bind-
ing of metabolites of foreign compounds to macromolecules is believed to play
an Important role in the mechanism of chemical carcinogenesis, it was coneiv-
able that on chronic administration bromobenzene might induce tumors such as

bronochogenic carcinoma.

Methods Employed : Groups of eight C57 Black/6 mice (males, 18 g) were
treated with daily i.p. injections with either 5 pi of bromobenzene for 9

weeks (high dose) or 1 yl for 15 weeks (low dose). Untreated groups of 8 mice
served as controls. The daily injections of unlabeled bromobenzene were dis-
continued 2 days before the treated and control groups received 5 yl of C-
bromobenzene. Urine was collected from each group of mice during the next 12

hours for the determination of urinary metabolites of bromobenzene. At 12
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hours the animals were killed and the livers, lungs, kidneys and hearts
removed and analyzed for covalent binding. Sections of liver, kidney and

lung were taken for histopathology and i-.i one experiment for autoradiography.

Major Findings ; Chronic administration of the higher dose of bromoben-
zene produced diffuse hepatic damage, whereas the lower dose elicited no his-
topathological changes in the liver. Neither dose altered the histology of

the kidneys or lung, or produced any evidence of malignant transformation.
Control animals developed relatively small areas of centrolobular necrosis 48

hrs after administration of a single dose of ^C-bromobenzene (5 yl) . The
acute hepatic damage elicited by -^^C-bromobenzene was blocked by chronic ad-
ministration of the higher, but not of the lower, dose of unlabeled bromo-
benzene.

Mice chronically treated with the higher dose of bromobenzene for 9 weeks
showed a marked decrease in covalent binding in all tissues examined. Auto-
radiograms available to date have confirmed the decreased binding in the
chronically treated mice. In contrast chronic administration of 1 yl of un-

labeled bromobenzene/day did not significantly alter the binding in liver or

lung.

Both dosages of bromobenzene failed to alter either the total urinary
excretion of labeled metabolites during the first 24 hours after '-^C-bromo-

benzene administration or the relative amounts of phenolic and mercapturic
acid metabolites excreted. i

Significance to Biomedical Research and the Program of the Institute ;

Chronic treatment with the higher dose of bromobenzene produced an interest-
ing form of tolerance to the hepatotoxicity of a single 5 yl dose of ^^C-
bromobenzene. Presumably, this effect is related to the decreased covalent
binding of a toxic bromobenzene metabolite in liver. Studies on the urinary
excretion of bromobenzene metabolites did not support the interpretation that

the chronic treatment alters the rate of production of a toxic metabolite,

and the mechanism of the decreased binding remains to be elucidated. The
differences between acute bromobenzene hepatotoxicity and the more diffuse
damage caused by chronic bromobenzene administration may be analogous to the

acute and chronic effects of alcohol or carbon tetrachloride on the liver.

Proposed Course of Project : Longer periods of bromobenzene administration
will be undertaken to evaluate the carcinogenic potential of the hydrocarbon.
Other chronic studies will confirm and extend the present studies. It will be

of particular interest to study the effect of chronic bromobenzene admini-
stration on the hepatic content of glutathione, of cytochrome P-450 and of i

microsomal drug metabolizing enzyme systems. Finally, it may be possible to
'

determine whether chronic administration alters the intracellular binding

sites for the toxic metabolite (s) of '-^C-bromobenzene.

Honors and Awards : None

Publications: None

i
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Serial No. NHLI-74
1. Chemical Pharmacology
2. Drug Tissue Interaction
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Covalent binding of halogenated aromatic
hydrocarbons in the liver

Previous Serial Number: NHLI-167

Principal Investigator: Dr. Watson D. Reid

Other Investigators: Dr. Gopal Krishna
Mr. John George

Cooperating Unit: None

Project Description:

Objectives : Previous studies in this laboratory have suggested that

centrolobular necrosis induced by treating rats or mice with ^^ C-bromoben-

zene is related to the covalent binding of a chemically reactive metabolite,
presumably ^C-bromobenzene epoxide, to proteins of centrolobular hepatocytes.

Both the binding and the necrosis are increased by prior induction of cyto-
chrome P-450 microsomal enz3rmes in the liver with phenobarbltal (80 mg/kg i.p.

for 3 days), whereas inhibition of bromobenzene metabolism with SKF 525-A or

piperonyl butoxide blocks both the binding and the necrosis. Autoradiographic
studies indicate that nearly all of the covalently bound material is local-
ized in the necrotic centrolobular zone of the hepatic lobule, suggesting a
causal relationships between binding and necrosis. In the present studies a

positive correlation between the amount of covalent binding and the severity
of centrolobular hepatic necrosis has been obtained after a variety of drug
treatments and with several different halogenated benzene derivatives.

Methods Employed : Male C-57 Black/6 mice weighing 20 g or male Sprague-
Dawley rats weighing 200 g were injected i.p. with C-labeled benzene deriv-
atives dissolved in 0.2 ml of sesame oil. The animals were killed at various
times, and a section of the liver was taken for histology. The remainder of

the liver was homogenized in 4 volumes of saline and the homogenate was ex-

tracted with 5 volumes of heptane. Proteins were precipitated with 10% TCA
and the pellet was suspended in methanol at 60° and shaken for 10 min. After
5 extractions with hot methanol almost no further radioactivity could be ex-
tracted from livers. The pellet was dissolved in 1 N NaOH, and aliquots
were taken for liquid scintillation and for protein determination by the bi-
uret method. Results were expressed as nanomoles of bromobenzene bound per
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mg of protein.

Major Findings : The binding of hepatotoxic and nontoxic benzene deriv-
atives was compared in rats pretreated with saline, phenobarbital (80 mg/kg
i.p. for 3 days) or phenobarbital + SKF 525-A (75 mg/kg 2 hours before ad-
ministration of the hepatotoxin) . The covalent binding in liver of saline-
pretreated rats was an order of magnitude higher at 6 and 24 hours after
administration of an equimolar dose (1 mmole/kg) of the hepatotoxic compounds
(bromo-,chloro-,orthodichloro- or iodobenzene) than after treatment with non-
toxic derivatives (fluoro- or paradichlorobenzene) . Phenobarbital admini-
stration increased the binding of only the hepatotoxic compounds, and pre-
treatment with SKF 525-A blocked the phenobarbital-induced increments in I

binding. i

Other drug treatments which blocked C-bromobenzene-induced hepatic
necrosis were found to reduce markedly the covalent binding in liver. Treat-
ment of rats with pyrazole (375 mg/kg 2 hours previously) inhibited C-
bromobenzene binding by more than 50% and prevented the development of the
necrotic lesions. Pyrazole appeared to block bromobenzene metabolism in vivo .

Similarly, pretreatment with aminoacetonitrile (100 mg/kg) blocked C-bromo-
benzene-induced hepatic necrosis and covalent binding in mice and rats. The
protective effect of aminoacetonitrile was not associated with an alteration
of the overall rate of bromobenzene metabolism. In contrast, increases in
hepatic necrosis and covalent binding of C-bromobenzene were observed in
mice previously depleted of hepatic glutathione by administration of diethyl
maleate (0.6 ml/kg 2 hours previously). The latter result suggests that by
reducing the amount of glutathione available to inactivate bromobenzene ep- I

oxide, diethyl maleate enhanced the alkylation of liver proteins by the toxic
metabolite.

Significance to Biomedical Research and the Program of the Institute :

These results indicate that covalent binding and hepatic necrosis may be
related events, and suggest that the hepatotoxicity of aromatic hydrocarbons
is caused by the alkylation of liver proteins by toxic metabolites. It is
likely that similar mechanisms of toxicity may account for some of the serious
side effects of therapeutic drugs, and that drug metabolism may play a critica
role in the pathogenesis of a wide variety of tissue lesions by foreign com-
pounds.

Proposed Course of Project : These studies are being expanded to investi-
gate the mechanisms of a variety of tissue lesions caused by other industrial
toxins, carcinogens, environmental pollutants and drugs.

Honors and Awards : None

I
Publication:

Reid, W.D., Krishna, G. , Gillette, J.R. and Brodie, B.B. : Biochemical
mechanisms of drug-induced lesions. In James Toman Memorial Volume
and Symposium, Raven Press, 1972 (in press).
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Serial No. NHLI-75
1. Chemical Pharmacology
2. Drug Tissue Interaction
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Mechanism of renal and hepatic necrosis
induced by chloroform

Previous Serial Number: None

Principal Investigators: Dr. Watson D. Raid
Dr. Kenneth F. Ilett

Other Investigators: Mr. John George

Cooperating Unit: None

Project Description:

Objectives

:

Chloroform is known to cause centrolobular hepatic necrosis
and renal tubular necrosis both in man and in mice. Previous studies from

this laboratory have shown that hepatic and renal necrosis produced by bromo-
benzene in mice is caused by an active metabolite which binds covalently to

tissue macromolecules , The present experiments were designed to determine
whether chloroform (,->r one of its metabolites)binds covalently in the liver
and kidney of mice, and whether such binding is causally related to the tissue
lesions induced by chloroform.

Methods Employed: In an initial series of experiments chloroform (4-10

yl/mouse) was administered i.p., in 0.2 ml of sesame oil to male C57 Black/6
mice weighing 20 g. The extent of hepatic and renal necrosis caused by
chloroform was assessed in PAS stained sections of tissue removed at 24 hours
from control mice and from mice pretreated with either phenobarbitone, 3-

methylcholanthrene or piperonyl butoxide.

In another experiment C-chloroform (10 yl/mouse) was administered i.p.

and the mice were killed 2, 6, 12, 24 and 48 hours later. Livers, kidneys
and hearts were homogenized in 20% trichloroacetic acid and the precipitate
was exhaustively extracted with organic solvents. The precipitate was

dissolved in sodium hydroxide (1.0 N) and radioactivity was measured by
liquid scintillation spectrophometry.

The distribution of bound radioactivity in liver and kidneys of -'-^C-

chloroform-treated mice was studied in autoradiograms of paraffin embedded
tissue sections.
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Major Findings ; Chloroform administration caused centrolobular liver
necrosis and hyaline degeneration of the renal convoluted tubules. Pre-
treatment with phenobarbltal or 3-methylcholanthrene Increased the severity
of the necrosis in liver and reduced or blocked that in the kidney. Piper-
onyl butoxide was without effect on chloroform induced necrosis in either
tissue.

The concentration of oovalently bound C-chloroform in liver and kidney
reached a maximum value of 3 nmoles/mg protein within 6-12 hours. The level
of binding in the kidney remained high for 24 hours and fell slowly to a
value of 0.5 nmoles/mg at 48 hours, whereas that in the liver declined more
rapidly. Binding in heart was less than 0.1 nmole/g throughout the experi-
ment.

Autoradiographic studies revealed that ''^C-chloroform was localized in
the centrolobular region of the liver and in the proximal convoluted kidney
tubules. Thus the distribution of bound radioactivity coincided with that of
the tissue lesions.

Significance to Biomedical Research and the Program of the Institute ;

The similar distribution of covalently bound -^^C-chloroform and of chloro-
form-induced hepatic and renal necrotic lesions suggests that the binding may
be causally related to the tissue damage. The exact role of drug metabolism
In the cytotoxic effects and covalent binding of chloroform must be clarified
by further studies. Krishna and his coworkers in this laboratory have shown
in vitro that chloroform must be converted to an active metabolite in order I

to bind covalently to liver microsomes. Our toxicity studies in vivo are
compatible with the view that phenobarbltal or 3-methylcholanthrene admini-
stration increases the formation in liver of a toxic metabolite of chloroform
in the liver, and that this effect in turn may decrease the amount of chloro-
form available to be converted in the kidney to a toxic derivative.

Proposed Course of Project ; We plan to study the effects of phenobarbltal
and 3-methylcholanthrene on the covalent binding of -'-^C-chloroform in vivo

,

and to collaborate with Dr. Krishna In studying the binding of the hydro-
carbon to kidney microsomes in vitro . It will also be of interest to study
the binding and metabolism of chloroform in the kidneys of female mice since
females do not develop chloroform-induced renal tubular necrosis.

Honors and Awards : None

Publications : None
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Serial No. NHLI- 76
1. Chemical Pharmacology
2. Drug Tissue Interaction
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Metabolism of foreign compounds by alveolar
macrophages of the rabbit

Previous Serial Number: None

Principal Investigators: Dr. Watson D. Reid
Dr. Jane Click

Other Investigator: Dr. Copal Krishna

Cooperating Unit : None

Project Description:

Objectives : Our objective in studying pulmonary drug metabolizing en-
zymes is to elucidate their role in the mechanisms by which foreign compounds
produce structural and biochemical lesions in the lung. Our previous studies
have shown that administration of '-^C-bromobenzene to mice produces necrosis
of the bronchial epithelium and covalent binding of a -'-^C-bromobenzene me-
tabolite to proteins within the bronchial epithelial cells. Preliminary
studies Indicated that lung microsomes metabolize -^^C-bromobenzene in vitro ,

and it was pertinent to investigate which types of lung cells have the
ability to metabolize foreign compounds. Since pulmonary macrophages are
believed to play a role in certain toxic reactions in the lung (e.g., sili-
cosis), and since these cells may be readily isolated, the drug metabolism
capacity of •macrophages was compared with that of the lung parenchyma and

of liver.

Methods Employed : Cells isolated from bronchial washings of NIH Albino
rabbits (male, 2 kg) were shown by phase contrast microscopy to be over 95%
pure macrophages. The liver, lung parenchjnna and alveolar macrophages were
homogenized in Tris/KCl buffer (pH 7.2) with a blade homogenizer, and drug
metabolism was measured either in the homogenate or in a suspension of micro-
somes prepared by differential centrifugation. Assays for the metabolism of

bromobenzene, dime thyIbenzanthracene (DMBA) and p-aminobenzoic acid (PABA)

were performed using published methods, and results were expressed as nmoles
of substrate metabolized per mg of protein per minute. In some experiments
rabbits were treated for 3 days with 3-methylcholanthrene (3-MC; 20 mg/kg),
a compound known to induce the metabolism of DMBA in liver and lung.
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Major Findings : The metabolism of bromobenzene was about 20% more active

in lung than In liver, whereas DMBA metabolism in lung was only about 10% of

that in liver. Pretreatment with 3-MC approximately doubled DMBA metabolism
in lung and produced a several fold increase in hepatic metabolism. Macro-
phages did not metabolize bromobenzene at all, and possessed very little
ability to metabolize DMBA, even after treatment with 3-MC. In contrast,
macrophages acetylated PABA to about the same extent as did the lung paren-
chyma and more extensively than the liver.

Significance to Biomedical Research and the Program of the Institute :

These studies suggest that the activity of microsomal cytochrome P-450 en-

zymes is low or absent in pulmonary macrophages, and that therefore these
cells do not produce the chemically reactive metabolite responsible for
bromobenzene-induced bronchial damage. The finding that macrophages, like
Kupffer cells in the liver, acetylate PABA is compatible with the inter-
pretation that the soluble acetylatlng enzyme is distributed throughout the

reticuloendothelial system.

Proposed Course of Project : An attempt is now underway to isolate other
types of lung cells in order to determine the Site of drug metabolism in the

lung.

Honors and Awards : None

Publications : None
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Serial No. NHLI- 77
1. Chemical Pharmacology
2. Drug Tissue Interaction
3. Bethesda, Md

.

PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Toxic effects of 1, 1 ' -dimethyl-4,4 ' -dipyridilium
dichloride (paraquat) in the rat

Previous Serial Number: None

Principal Investigators: Dr. Kenneth F. Ilett
Dr . Watson D. Reid

Other Investigators: Mr. John George

Cooperating Unit: None

Project Description:

Objectives : Paraquat is a herbicide used extensively in agriculture for

the control of weed growth. In man, accidental ingestion of paraquat causes
a rapid necrosis of pulmonary alveoli followed by interstitial fibrosis of
the lung and usually leads to death. Similar lung toxicity can be demonstra-
ted in the rat following the administration of this compound. The objectives
of this project are: a) to investigate the mechanism by which lung toxicity
is produced and b) to determine the effects of paraquat -induced lung toxicity
on the ability of the lung to metabolize foreign compounds. The latter study
was undertaken in hopes of determining which cells in the lung metabolize
drugs and other chemicals.

Methods Employed : Preliminary dose-effect studies indicated that the

LDcQ for paraquat in rats was 35 mg/kg, i.p. However, single doses of para-
quat as low as 10 mg/kg produced alveolar edema and necrosis within 3-4 days
and pulmonary fibrosis by days 6 and 7.

The distribution of the herbicide in rats was determined 6 and 24 hours
after i.v. administration of 20 mg/kg '-^C -paraquat (45 uCi/rat) . Samples of

liver, lung, heart, brain, kidney and plasma were homogenized in 157o tri-
chloracetic acid, and the supernatant was applied to a Dowex 50 x 8 ion-
exchange column. The precipitate was washed several times with 5'X trichloro-
acetic acid and the washings added to the ion-exchange column. C-paraquat
was eluted from the column with 5 M NHaCI and quantitated by liquid scintilla-
tion spectrophotometry.

In the second series of experiments the ability of microsomes from rat
lung and liver to metabolize ^C-bromobenzene in vitro was determined at
intervals of 1,2,4 and 7 days after the i.p. administration of 20 mg/kg para-
quat .
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Major Findings : The tissue concentration of '•'^C -paraquat at 6 hours
was greatest in lung (20 nmol/g), less in kidney (6 nmol/g), liver (3.5
nmol/g) and very low in heart and brain (0.6 and 0.4 nmol/g, respectively).
At 24 hours the distribution was similar but the values were lower. Paraquat
was barely detectable in the plasma at 6 hours and was undetectable in
plasma at 24 hours. None of the tissues examined contained significant
amounts of covalently bound paraquat in the TCA precipitate.

Pretreatment of rats with (20 mg/kg, i.p.) paraquat had very little
effect on the metabolism of •'•^C-bromobenzene in liver microsomes. In con-
trast, as shown in Table I the metabolism of '•^C-bromobenzene by lung micro-
somes of paraquat-treated rats was significantly lower than controls on the
first, second and fourth days after treatment, but was greater on the seventh
day after paraquat administration.

Table I

'•'^C-Bromobenzene Metabolism in Lung of Paraquat-treated Rats

Time after paraquat administration
(20 mg/kg) 24 hr 48 hr 72 hr 168 hr

Change in C-bromobenzene metabolism
in lung microsomes (7o of control) 80 47 58 130

Significance to Biomedical Research and the Program of the Institute ;

The relatively selective accumulation of paraquat in the lung may in part
explain the specific pulmonary toxicity of the herbicide. The mechanism of
paraquat toxicity is probably different from that of bromobenzene, since a

metabolite of the latter hydrocarbon becomes covalently bound in the target
cells, whereas paraquat does not bind covalently in the lung. The coinci-
dence of paraquat-induced necrosis of alveolar cells with the inhibition of
bromobenzene metabolism suggests that cytochrome P-450 microsomal drug me-
tabolizing enzymes may be localized in the alveolar cells, although other
interpretations of these data are also plausible. A better understanding
of the mechanisms by which paraquat produces lung lesions could provide an
insight into the mechanisms by which certain types of nitrogen containing
compounds are accumulated and metabolized by the lung and might lead to a

better understanding of the toxicity of the herbicide in agricultural workers.

Proposed Course of Project ; It is planned to study the mechanism of
paraquat accumulation in lung both in vivo and in vitro. In addition, auto-
radiograms will be made of frozen sections of lungs from ^^C-paraquat-
treated rats to determine in what lung cells the herbicide accumulates. The
uptake and metabolism of paraquat in lung will be compared in rats and
rabbits since rabbits are extremely resistant to paraquat toxicity.

Honors and Awards: None

Publications: None
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Serial No. NHLI- 7i

1. Chemical Pharmacology
2. Drug-Tissue Interaction
3. Bethesda, Md

.

PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Incorporation of radiolabeled glutamic acid into
the GSH pool of rat liver

Previous Serial Number; None

Principal Investigators: Dr. Khursheed Asghar
Dr. Gopal Krishna
Dr. James R. Gillette

Other Investigators: None

Cooperating Unit: None

Project Description :

Objectives : GSH has been shown in this laboratory to play an important
role in the conjugation of highly reactive electrophilic metabolic inter-
mediates of some toxic chemicals, thereby regulating their concentration in

a specific tissue with consequential modification of their toxicity. These
chemicals significantly reduce hepatic GSH level as early as one hour after
i.p. administration. It is of interest to find out whether such drugs de-
plete liver of GSH by blocking its synthesis or by formation of GSH conju-
gates. In order to study the turnover of GSH, •''^C -glutamic acid, was tested
in preliminary experiments for its incorporation into endogenous GSH.

Methods Employed ; After i.p. administration of tracer doses of ''^C-

glutamic acid to rats, the livers were excised at various time intervals and
extracted with 2.57„ metaphosphoric acid. An aliquot of extract was analyzed
for total radioactivity, and another for total GSH concentration by the

dithio-bisnitropyridine colorimetric method. An aliquot of the extract was
treated with methanol and ammonia to precipitate the salts, the supernatant
was subsequently concentrated, its GSH contents oxidized and subjected to

descending paper chromatography. The relative radioactivity in the GSSG
spot was estimated by counting 1 cm pieces of the paper strip in liquid
scintillation vials. Protein precipitate was suspended in TCA and washed in

the various solvents and analyzed for incorporation of the label into liver
proteins. H-GSH was injected intravenously into rats and the amount of
radioactivity present in liver and plasma was determined at various times
after administration in order to see whether this method could be used to

prelabel GSH pool in liver and other tissue.
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Major Findings ; Ji-Glutamic acid was rapidly taken into liver, the levels
becoming several fold higher in liver than in plasma at two hours after i.p,
administration of tracer doses of •'^C -glutamic acid. Preliminary data in-
dicate that about 10% of the total administered radioactivity was found in
the metaphosphoric acid extract of liver at 30 min, with subsequent decreas-
ing levels at later times. However, at 30 min about 1.5% of the total ad-
ministered glutamic acid is present as ^^C-GSH in liver. The use of labeled
glutamic acid appears to be a reliable approach to study the turnover of en-
dogenous GSH since the labeling of endogenous GSH takes place at the site of
synthesis in liver and glutamic acid once incorporated into proteins and
other substances is not reutilized. This may not be true for glycine or

cysteine.

•^H-glycine labeled glutathione was also tested for its ability to label
the endogenous glutathione pool. Almost identical plasma levels of radio-
activity are attained during 20 min to 4 hr after i.v. administration of
either reduced -^H-glutathione or oxidized -^H-glutathione . Reduced glutathione,
however, binds to plasma proteins to significantly higher extent than the
oxidized GSH. There was almost no incorporation of the label into liver pro-
teins, and liver was found to contain as much as 3.57c of the total administered
radioactivity at 20 min, progressively decreasing at subsequent time intervals.
The results indicate an appreciable mixing of exogenous H-GSH with, the endo-
genous GSH in the liver.

Significance to Biomedical Research and to the Program of the Institute ;

This precursor labeling of GSH may be utilized in studying the effect of |

cytotoxicants on the rates of synthesis and degradation of endogenous GSH.
Glutamic acid labeling of GSH has the advantage that, ^.-glutamic acid is not
reutilized in protein synthesis and thereby would yield a more realistic
estimate for the turnover rate for GSH than cysteine or glycine.

Proposed Course of Project ; The turnover rate of GSH would be determined
under normal conditions and as well as after administration of various drugs.

Honors and Awards: None

Publications; None
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Serial No. NHLI- 79
1. Chemical Pharmacology
2. Drug Tissue Interaction
3. Bethesda, Md

,

PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the cellular localization of glutathione

Previous Serial Number: None

Principal Investigators: Dr. Khursheed Asghar
Dr. Gopal Krishna
Dr. James R. Gillette

Other Investigators: None

Cooperating Unit: Dr. Asghar is on a special fellowship from
National Institute of General Medical Sciences

Project Description:

Objectives : Glutathione (GSH) has been shown to be implicated in the

conjugation of highly reactive intermediates of some hepatotoxins and' thus

alter the severity of cytotoxicity produced by certain drugs. In order to

study the depletion of GSH in liver after administration of various hepato-
toxins, it was necessary to develop a histochemical technique for the cellu-
lar localization of GSH in liver.

Major Findings : Histochemical localization of GSH had been difficult be-
cause of its small molecular weight, high solubility in polar solvents, diffu-
sion and possible cellular translocation during the conventional histological
processing of tissue sections. Our attempts to label the endogenous GSH pool
by administration of either ^h-GSH or by I'^C-glutamic acid which is the pre-
cursor for GSH indicate that even though these compounds are incorporated into

the endogenous liver GSH there appears to be a high percentage of the total
radioactivity incorporated into proteins and other soluble metabolic inter-
mediates. Similarly, ^-'C -cysteine which is also converted to GSH is also
incorporated into proteins. While this approach may be excellent for study-
ing the turnover of endogenous GSH by bioanalytical techniques, an incorpora-
tion of such magnitude cannot be used histologically for subsequent autora-
diographic localization of GSH.

We have studied the histochemical localization of soluble-SH compounds in

liver sections by various approaches, including histochemography , nitroprus-
side reaction, fluorescein mercuric acetate, o-phthaldialdehyde, DDD (2,2'-
dihydroxy-6 ,6 ' -dinaphthyl-disulfide) , in vitro and in vivo NEM treatment,
mercury orange (l-L4-chloromercury-phenylazo J-naphthol-2) and others. Two
techniques have been developed in our laboratory for the localization of
soluble sulfhydryl compounds in liver. In the first technique of fresh cryo-
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Stat sections are stained with a saturated mercury orange solution in toluene.
In the second technique tissue pieces are freeze dried and then embedded in

paraffin, sectioned and stained with mercury orange in toluene. These tech-
niques allow visualization of free-SH compounds, with minimum of diffusion or

translocation. Since it has been shown that GSH is the major SH containing
compound in the liver, the techniques may be used for staining of GSH in the
liver

.

Our results indicate that SH groups in protein as well as those in GSH are
more or less uniformly distributed throughout the liver. Treatment of liver
sections with N-ethylmaleimide (NEM) , formalin, 27„ metaphosphoric acid or
saline either abolishes or significantly reduces the free sulfhydryl com-
pounds in the liver. Intravenous administration of NEM to rats also abolishes
the staining of sulfhydryl groups in the liver sections at 5 min. The free
sulfhydryl groups in the liver are significantly reduced after subnecrotic and
necrotic doses of bromobenzene (1 mmole/kg and 4 mmoles/kg) to rats at 1,2,4
and 6 hrs. At 30 hrs after bromobenzene administration, the intensity of
staining in liver sections was either similar or higher to that in control
sections, which is in accord with the finding that GSH levels return to nor-
mal after bromobenzene has been metabolized. We are further testing the
specificity of this method with diethylmaleate which is a selective depletor
of hepatic GSH.

Significance to Biomedical Research and to the Program of the Institute ;

The methodology developed for the localization of soluble sulfhydryl com-
pounds will aid in understanding the effect of various toxic agents on the

GSH localization not only in liver but also in various cell types of other
tissues, e.g. lung and kidney, etc., where various drugs have been shown to
produce tissue damage.

Proposed Course of Project : The staining method will be adopted for
microspectrophotometry for semiquantitative estimation of sulfhydryl com-
pounds in tissue sections. Further studies will be directed toward deter-
mining whether toxicants, such as bromobenzene, deplete GSH in specific
cellular areas of the liver. Since this laboratory has postulated a relation-
ship between the cellular GSH levels and the hepatic toxicity, it would be of
interest to study whether the cytotoxicity in other tissues, such as kidney,
duodenum, lung, etc., is also preceded by depletion of the GSH in certain
types of cells.

Honors and Awards: None

Publications: None
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Serial No. NHLI- 80
1. Chemical Pharmacology
2. Drug Tissue Interaction
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title Autoradiographic approach to the study of drug

metabolism at the cellular level

Previous Serial Number : None

Principal Investigators: Dr. Khursheed Asghar

Other Investigators: None

Cooperating Unit: Dr. Asghar holds a Special Fellowship from the
National Institute of General Medical Sciences

Project Description:

Objectives : Autoradiographic studies depend on the deposition of silver

grains in photographic emulsions caused by the energy emitted from the dis-
integrating isotope in radiolabeled chemicals in tissue sections. However,
the radiochemical usually undergoes biodegradation resulting in one or more
metabolites each of which may contain the label. Thus, the autoradiographic
image may be produced by either the original compound or any of its metabo-
lites. Since the metabolites are often significantly more polar than the

original compound, the isotopic source of the autoradiographic image could
be discriminated by selective extraction of either the original chemical or
its metabolites from the tissue section by specific solvents before its ex-
posure to photographic emulsion.

Methods Employed : The freeze dry technique of Stumpf and Roth was used
for the processing of tissue sections for cellular autoradiography. The
technique essentially consists of freezing the tissue at -210° C, sectioning
at -60° C, freeze drying the sections at -68° with subsequent apposition of

tissue sections to the photographic emulsion in an environment of low hu-
midity. Since the tissue sections in this technique are not exposed to any
solvents or liquids during their processing it is possible to selectively
extract a chemical or its metabolites from the tissue sections with specific
solvents before these are exposed to photographic emulsion for the develop-
ment of autoradiograms. The technique was tested with 3H-3,4-benzpyrene
which is known to yield hydroxylated derivatives in mice. The methodology
developed in our laboratory consists of placing the freeze dried mouse
tissue sections on 2 x 2 cm teflon sheets under a stereoscope followed by
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repeated washing (10 mln) of tissue sections with xylene, absolute ethanol
and saline. Another set of sections were left untreated. All the sections
on the teflon sheets were dried and pressed against dried photographic
emulsion coated slides for the development of autoradlograms. The
choice of solvents was based on the ability of absolute ethanol to dissolve
the hydroxylated derivatives of benzpyrene while leaving behind the benz-
pyrene in the tissue section. On the other hand, xylene dissolves out both
the original benzpyrene and its hydroxylated derivatives.

Major Findings ; No covalent binding or specific localization of ^H-benz-
pyrene could be detected at 2 and 24 hours in lung or liver by histological
techniques. Our preliminary data indicate that approximately 80% of the
radioactivity In lung at 2 hours could be extracted by abs. ethanol, while
xylene removed 95-100% of the radioactivity. Washing with saline produced no
observable effect on the grain count per unit area. Since benzpyrene itself
is not soluble in abs. ethanol to any appreciable extent, it appears that at
2 hours approximately 80% of the radioactivity is in the form of a relatively
polar metabolite of benzpyrene. At 24 hours after benzpyrene administration
i.p., there was much less radioactivity in the lung than at 2 hours, but all
of it was extractable by abs. ethanol.

Significance to Biomedical Research and the Program of the Institute :

It is hoped that such a principle of differential extraction may also be
applied in autoradiographic studies attempting to localize certain chemicals
and their metabolites within a specific cytological site in tissues.

Proposed Course of Project : This technique will be used to discriminate
between the original drug and its polar metabolites where labeled drug
shows preferential localization at a cytological site without being co-
valently bound.

Honors and Awards : None

Publications: None

i
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1. Chemical Pharmacolo y
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3. Bethesda, Md

.

PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The influence of pH on inhibitory effect of lactic
acid on NE-induced lipolysis and cyclic AMP forma-
tion in isolated fat cells

Previous Serial Number: None

Principal Investigators: Dr. Jan Gorski
Dr. Gopal Krishna

Other Investigators: None

Cooperating Unit: None

Project Description:

Objectives: It has been known that the effects of hormones and other

drugs on tissue reactivity may change by altering the pH within the physi-

ological range. But these changes in reactivity are still incompletely under-

stood. For example, it is known that lowering pH of the incubation medium
diminishes the lipolytic effect of NE but the site of the pH effect remains
obscure. It is possible that pH may influence the hormone receptor inter-
activity or various catalytic steps in the reaction leading to lipolysis.

We have examined the effect of different H^ ion concentrations on NE induced
cyclic AMP formation and lipolysis in isolated fat cells. We have also ex-
amined the inhibitory effect of lactic acid on the NE response at various
IT*" ion concentrations .

Methods Employed : Five different pH were used: 6.8, 7.1, 7.4, 7.7, 8.0.

Epidydymal fat cells were isolated according to Rodbell, divided into five

equal portions and suspended in Krebs Ringer Phosphate buffer (containing

5% Albumin), the pH values of which were carefully readjusted. For lipoly-
sis measurements, incubations were performed at 37°C for 30 minutes with
various doses of NE , alone and in combination with theophylline (3 x lO'lA);
glycerol was determined as an index of lipolysis. For cyclic AMP measure-
ments fat cells were incubated as above and terminated at 5 minutes. Cyclic
AMP was estimated according to the method of Oilman after purification of
cyclic AMP fraction according to the method of Krishna e_t al .

Major Findings : NE induced cyclic AMP accumulation and lipolysis maxi-
mally at about pH 7.7. At higher pH the effects of NE was slightly reduced.

At pH 6.8, these effects were markedly lower (about 15%). The inhibitory
effect of 5 mM lactic acid on NE induced cyclic AMP formation was highest at

6.8 (about 90-100%) and lowest at pH 7.7 (about 507o) . The inhibitory con-
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stant (ID50) for lactic acid varied with pH from 1.5 mM at pH 6,8 to 5 iriM

at pH 7.7. At pH 7.4, the formation of cyclic AMP induced by NE was not
inhibited at 1 iriM of lactic acid but was markedly inhibited at higher con-
centrations of lactic acid (5 rnM) . The lactic acid concentration used in

these experiments are easily attainable in plasma of rats undergoing cer-
tain stress situations like excerclse, cold exposure, etc.

Significance to Biomedical Research and to the Program of the Institute ; |

The inhibitory effect of lactic acid on NE induced adenyl cyclase and cyclic
AMP formation may explain the mechanism by which the activity of adenyl cy-
clase induced by NE is decreased after maximal activation has been attained.
It is possible that cyclic AMP may increase the level of lactic acid by
activating the phosphorylase system which then feeds back and turns off the

NE activation of adenyl cyclase and thus helps to conserve the ATP in the
cell for other functions. This effect of lacti^l acid may also be controlled
by the change in H ion concentration of the cell.

Proposed Course of Project ; The inhibitory effect of lactic acid on
the NE induced cyclic AMP formation will be studied in other tissues like
heart, diaphragm, platelets and liver to determine whether these tissues
possess a similar mechanism for turning off the hormone activation of adenyl
cyclase, since it is possible in certain conditions to attain H ion and
lactic acid concentrations (especially in muscles) in the range we have used
in the above experiments.

Honors and Awards: None

Publications: Krishna, Gopal, Harwood, James P., Barber, Alfred J, and
Jamieson, Graham A . : Requirement for guanosine triphosphate
in the prostaglandin activation of adenylate cyclase of
platelet membranes. J. Biol. Chem. 247: 2253-2254, 1972.

Harwood, J. P., Moskowitz, J. and Krishna, G.: Dynamic
interaction of prostaglandin and norepinephrine in the forma-
tion of adenosine 3

'

,5 ' -monophosphate in human and rabbit
platelets. Biochim. Biophys , Acta 261 : 444-456, 1972.

Rodbell, M, and Krishna, G.: Preparation of isolated fat
cells and fat cell "ghosts" methods for assaying adenylate
cyclase activity and levels of cyclic AMP. Methods in
Enzymology, in press.

SchOnhbfer, P. S,, Skidmore, I. F., Bourne, H. R. and
Krishna, G.: Cyclic 3',5'-AMP phosphodiesterase in isolated
fat cells. Simple and sensitive methods for the assay of
phosphodiesterase activity in fat cells and studies of the
enzyme inhibition by theophylline. Pharmacology, in press.
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Project Title:

PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972

o
Correlation between H-cyclic AMP and total cyclic

AMP formation induced by norepinephrine in isolated

fat cells

Previous Serial Number; None

Principal Investigators: Dr. Jan Gorski
Dr , Gopal Krishna

Other Investigators; None

Cooperating Unit:

Project Description:

None

Objectives : The current methods for cyclic AMP determination in tissues

are time-consuming and complicated. The cyclic AMP formation in isolated

fat cells in response to hormones can be measured by the method of prelabel-
ing the nucleotide with -'H-adenine and determining -^H-cyclic AMP instead of

measuring total cyclic AMP. If the -^H-cyclic AMP exactly parallels total
cyclic AMP, we would have a simple and time-sparing method for cyclic AMP
determination in fat cells. We have examined the conditions in which the

method would be suitable for predicting the level of cyclic AMP in the cell
by measuring the formation of ^H-cyclic AMP.

Methods Employed : Rat's epidydymal fat cells were isolated according
to Rodbell and preincubated (in 57o bovine albumin solution in Krebs-Ringer
phosphate buffer) with H-adenine, washed three times and then incubated
with various concentrations of norepinephrine (seven concentrations ranging
from 10"° to 10"5m) alone and in combination with various concentrations of

theophylline. Cyclic AMP was isolated by the method of Krishna et^ al.

,

total cyclic AMP was determined by the method of Oilman in the same fraction
used for determination of ^H-cyclic AMP. -^H-ATP obtained was further puri-
fied on Dowex 1-Cl". Both -^H-ATP and total ATP were determined in the same

fraction and cyclic AMP formation also was calculated from ATP specific
activity and -'H-cyclic AMP. The conditions of preincubation with -"H-adenine

were varied as follows: 1. Preincubation times ranged from 0-30 minutes;
2. Concentrations of adenine ranged from 0.67 - 26.7 x 10"'M; 3. The number
of fat cells ranged 50,000 - 300,000.

3Major Findings : Norepinephrine (NE) alone slightly increased both H-
cyclic AMP and total cyclic AMP formation in fat cells. Theophylline marked-
ly increased the maximal NE effect and reduced the concentration of NE re-
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quired to produce half of the maximal effect on both H-cyclic AMP and total
cyclic AMP levels. Increasing the theophylline concentration beyond 10"%
or NE beyond 10""M produced an inhibition in the accumulation of both Hi-

cyclic AMP and total cyclic AMP. In all these experiments the ^H-cyclic AMP
formation calculated from ATP specific activity was almost identical to the

total cyclic AMP when fat cells used for assay did not exceed 200,000 per ml.

Various incubation times used for preincubation with -^H-adenine did not
alter these results. The optimal conditions of preincubation with -*H-

adenine has been found to be 30 min at 2-3 x 10"'M adenine with fat cells
concentrations up to 200,000 fat cells/ml of incubation medium consisting of
Krebs ringer phosphate buffer containing 57o dialyzed albumin.

Significance to Biomedical Research and to the Program of the Institute ;

These results give us a proof that NE-induced formation of -'H-cyclic AMP
mirrors the formation of total cyclic AMP and has provided the optimal con-
ditions that are to be employed. The measurements of -^H-cyclic AMP can be
applied instead of total cyclic AMP in investigations of study of various
kinetic parameters of NE-induced cyclic AMP formation in isolated fat cells.

Proposed Course of Project ; We are plap.ning to study the kinetic
parameters of interaction of various hormone with the receptor on the fat

cells with the above method. These studies will also include the inhibitors
which are known to specifically block the adrenergic receptor in the fat
cell in order to understand the mechanism of hormone activation of adenyl cy-
clase in the intact cell preparations.

Honors and Awards: None

Publications: None
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Project Title: Studies on the mechanism of liver necrosis pro-
duced by diethylstilbestrol

Previous Serial Number: None

Principal Investigators: Dr. Gopal Krishna
Dr. Giovanni U. Corsini

Other Investigators: Miss Ethel Boykins

Cooperating Unit: None

Project Description:

Objectives ; There are many reports indicating that diethylstilbestrol

(DES), a drug presently being used in this country for fattening cattle and

poultry, may produce cancer and liver damage in humans. So far the bio-

chemical mechanism involved in DES induced tissue lesions is not known.

Since we have shown earlier that bromobenzene causes liver necrosis by being
converted to an epoxide which reacts covalently with liver macromolecules
leading to tissue necrosis, the possibility for a similar mechanism being
involved for DES induced tissue lesions was examined by comparing the capac-

ity of DES to covalently bind to liver microsome in vitro with its capacity
to be covalently bound in vivo and correlating the covalent binding with the

tissue lesions produced in vivo.

Methods Employed : In vitro studies consisted of incubating liver micro-
somes and generating systems of NADPH and NADH with -^^C-DES and isolating co-

valently bound DES as described in a previous report. In the in vivo studies

DES was injected at various doses to both male and female rats. The livers

were fixed in buffered formalin, sectioned and stained for glycogen. Rats
were also injected with ^H-DES and were sacrificed at various times after
administration. The radioactivity covalently bound to protein in plasma and

various tissues was isolated by precipitation with TCA and washing the pre-
cipitates with solvents as described in another report.

Major Findings : When •'^C-DES was incubated with rat liver microsomes,
and the generating systems of NADPH and NADH, a large amount of DES was
bound covalently to microsomal proteins (2.4 nmole/mg protein). This re-
action was found to be linear with time up to 30 min. The covalent bindings
of DES to microsomal protein was a saturable process with an apparent Km of

30 uM. The involvement of cytochrome P-450 in the covalent binding was in-
dicated by the requirement for NADPH and O2 and by the finding that the ac-
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tlvlty was markedly Increased vhen microsomes for phenobarbltal pretreatment

of rats were used. Moreover, inhibitors of cytochrome P-450 system, such as

SKF 525>A, metapyrone and carbon monoxide, also inhibited this covalent bind-

ing. When GSH was added to the incubation mixture, the covalent binding of

DES was blocked indicating that the Intermediate of DES may interact with
nucl@ophilic agents including protein as well as GSH. This possibility
has been strengthened by the finding that DES metabolite is mainly bound to

two amino acids in the microsomal protein, one of which ce-ehromatographed
with the cystelc acid. As the dose of DES, Injected into male and female

rats, was increased, the severity of the centrolobular necrosis was increased,

Early centrolobular necrosis with loss of glycogen in the centrolobular area

was evident at 12 hrs after administration of 200 mg of DES. At any given

dose of DES, however, the severity of the necrosis was greater in females

than in males. There was also a sex difference in the effects of phenobar-
bltal; in female rats phenobarbltal pretreatment enhanced necrosis while in

the male rats it did not appreciably affect the necrosis and in some cases

it decreased it.

The sex differences may be attributed to the differences in the metabol-

ic pathway. In male rats DES was metabolized and excreted in the urine as

two major metabolites while in female rats 3 major metabolites of DES were
excreted in the urine, one of the metabolites which has been identified as

glucuronide is absent in the urine of male rats.

The binding studies _in vivo indicate that the amounts of DES covalently
bound to liver and other tissue proteins were 10 times greater in female

rats than in male rats, at 12 hrs after DES administration. However, at 24

hrs, the degree of binding to protein of various tissues were very similar
in male and female rats. This again indicates the female rat is more sus-

ceptible to DES liver toxicity than male rats. Whether the covalently bound

DES is localized in the necrotic centrolobular areas is being examined by

autoradiography

.

Significance to Biomedical Research and to the Program of the Institute ;

These studies may help our understanding of the mechanisms of tissue lesions

produced by DES , When these studies are complete it may be possible to de-

termine the structural requirements for the formation of tissue lesions.

With this knowledge it may be possible to develop a synthetic estrogen having
the therapeutic effects of DES without its toxic effects.

Proposed Course of Project : These studies will be extended for other

synthetic estrogens in order to correlate the toxic effect with the capacity

to covalently bind to proteins.

Honors and Awards: None

Publications: Reid, W. R., Christie, B., Krishna, G., Mitchell, J, R.

,

Moskowitz, J. and Brodie, B. B.: Bromobenzene metabolism

and hepatic necrosis. Pharmacology 6: 41-55, 1971.
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Project Title: Further studies on the oxidation of NADH
stimulated by NADPH and drugs in liver microsomes

Previous Serial Number : None

Principal Investigators: Dr. Henry A. Sasame
Dr, James R. Gillette

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives : Cytochrome P-450 enzymes in liver microsomes have been im-

plicated as terminal oxidases in the metabolism of steroids, drugs and other

foreign compounds. During the past few years, muchhas been learned about
the mechanism of these enz3nnes. For example, it is now thought that the oxi-
dized form of cytochrome P-450 combines first with the substrate to form a

complex, which is then reduced by an electron from reduced NADPH-cytochrome £
reductase and that the reduced cytochrome P-450 substrate complex then reacts
with molecular oxygen to form the oxygenated complex. It is also thought
that another electron reduces the oxygenated complex to form an active oxygen
cytochrome P-450 substrate complex, which rearranges to form oxidized cyto-
chrome P-450 and the product. Nevertheless, there are certain aspects of the

mechanism which still remain unclear. 1) The finding that Lineweaver-Burk
plots for the metabolism of most drugs are linear suggests that the system is

ordered, that is the substrate combines with the oxidized form of the cyto-
chrome P-450 and then does not dissociate from the reduced, oxygenated, or

the active oxygen forms of cytochrome P-450. 2) The source of the second
electron, which reduces the oxygenated cytochrome P-450-substrate complex,

remains obscure. There is evidence that this electron may come from either
NADPH or NADH, possibly via cytochrome b^, another hemoprotein present in

microsomes. But the evidence, implicating cytochrome br in the reaction, is

inconsistent with other aspects of the system. 3) Some substances, such as

perfluorohexane, can stimulate NADPH oxidation without being metabolized.
But the fate of the "active oxygen" formed by such abortive complexes of cy-

tochrome P-450 is unknown.
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Metheds Impleyad; Stimda,rd bleehttnleal proetdureg wgr© us«d. fer studlti
on oxygen uptake by rat liver microsomes, a Gilson oxygraph equipped with a

thermo regulator was employed.

Major Findings: 1) Studies on the reversibility of thareduefed eyto-
ehrome P-450 substrate complex : Since the absorption spectra of reduced
cytochrome P-450 substrate (type l) complexes usually do not differ appreci-
ably from the spectrum of reduced cytochrome P-A50, there is no known way of

measuring the binding of a type I substrate to reduced cytochrome P-450 di-
rectly. However, the absorption spectra of reduced cytochrome P-450 sub-
strate (type II) complexes have increased absorbancies at about 455 nm and
430 nm. Since it is now thought that binding sites for type I and type II

substances either are identical or over lap each other, we studied the abil-
ity of type I substances to alter the apparent K values of various type II

substances. At 1-2 mM concentrations various type I substances, including
p-phenetidin, meperidine, p-chloro-N-methylaniline , aminopyrine, hexobarbi-
tal and ethylmorphine increased the apparent Kg values of pyridine, a type II

substance, with reduced cytochrome P-450 4 to 30 fold and those of imidazole,
another type of substance, by 2 to 8 fold. These findings thus suggest, but
do not prove, that type I substances are dissociable from the reduced form
of cytochrome P-450 and that the mechanism of drug metabolism is not ordered.

2) Studies on the effects of NADH on NADPH-dependent drug oxidation:
Several investigators have found that NADH stimulates drug metabolism by
the NADPH-dependent cytochrome P-450 systems, even though drug metabolism is

negligible in the presence of NADH alone. Under some conditions, the effect v

of NADH acts by preventing the diversion of electrons from NADPH-cytochrome c^

reductase. For example, the inhibitory effects of cytochrome c^ and methylene
blue can be prevented by NADH because liver microsomes contain NADH-dependent
enzjrmes that rapidly reduce cytochrome c^ and methylene blue and thereby pre-

vent the diversion of electrons from NADPH-cytochrome c^ reductase. Strangely,

at low concentrations of cytochrome c^ or methylene blue in the absence of NADH,

drug metabolism is markedly inhibited even though the steady-state levels of

reduced cytochrome P-450 and reduced cytochrome bn are not changed by the

addition of these electron acceptors. These findxngs suggest, but do not
prove, that the electron acceptors inhibit the reoxidation of these hemopro-
telns as well as their reduction. They are thus consistent with the view
that cytochrome b^ mediates the introduction of the second electron as has
been suggested by Estabrook and his colleagues.

3) Studies on abortive complexes : Both hexane and perfluorohexane are

known to stimulate NADPH oxidation and oxygen utilization by cytochrome P-

450 even though the latter compound is not metabolized, but the fate of the

"active oxygen" formed during the reaction with perfluorohexane is obscure. '

Our studies have shown that in the presence of both NADPH and NADH, perfluoro-
hexane stimulates the oxidation of NADH to a greater extent than does hexane,
suggesting that the "active oxygen" is preferentially reduced by a NADH-de-
pendent system. Whether this NADH system is the same as that which intro-
duces the second electron into the oxygenated complex, however, remains to

be elucidated.

i
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Significance to Biomedical Research and the Program of the Institute ;

Since liver contains more NADH than NADPH, it is important to elucidate the

exact role which NADH plays in drug metabolism.

Proposed Course of Project ; Currently, we are attempting to prepare a

cytochrome b5 antibody which should be useful in studying the role of cyto-
chrome be in NADPH-dependent cytochrome P-450 mediated drug metabolizing en-

zyme system in liver microsomes.

Honors and Awards : None

Publication:

Gillette, J.R., Davis, D.C. and Sasame, H.A. : Cytochrome P-450 and
its role in drug metabolism. In Annual Review of Pharmacology 12 ;

in press.
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Project Title: Effect of 3-methylcholanthrene induction on the
carbon tetrachloride-induced changes in rat hepati(
microsomal system

Previous Serial Number:

Principal Investigators: Dr. Bitten Stripp
Dr. Maynard E. Hamrick
Dr. James R. Gillette

Other Investigators: None

Cooperating Unit: Dr. Hamrick was a Research Associate in the
Pharmacology-Toxicology Program, NIGMS

Project Description:

Objectives : The well-known impairing effects of carbon tetrachloride
(CCl/) on oxidative enzymes in hepatic microsomes are probably due to a de- f

crease in microsomal heme components. It is now believed, that these effects
are mediated by an active metabolite of CCl,. In accord with this view,
treatments of rats with phenobarbital (PB) enhances the impairing effects of
CCl/ on ethyl morphine (EM) N-demethylation, the destruction of cytochrome
P-450 and the metabolism of CCl,

.

While treatment of rats with PB increases the metabolism of a wide
variety of drugs presumably by increasing the amount of the type of cyto-
chrome P-450 'already present in hepatic microsomes, treatment with 3-methyl-
cholanthrene (3-MC) enhances the metabolism of relatively few compounds, pre-
sumably by inducing the formation of a different kind of cytochrome P-450
called cytochrome P-448. The present study was undertaken to study the
effect of CCl^ in 3-MC treated rats.

Methods Employed : Standard biochemical techniques were employed.

Major Findings : As expected in unpretreated rats receiving CCl,, the de-
cline in EM N-demethylase activity paralleled the decline in cytochrome \

P-450 content and the microsomal heme content not associated with cytochrome
P-420 and cytochrome br. The decline in benzpyrene hydroxylase activity,
however, was initially faster than that of EM N-demethylase. In the 3-MC
treated rats receiving CCl^, the EM N-demethylase and the 3,4-benzpyrene
hydroxylase activities were not significantly changed during the first 3

hours, but were decreased at 14 and 24 hours. The cytochrome P-448 content,

(
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however, and the heme content not associated with cytochrome P-420 and cyto-
chrome be were significantly decreased at 3 hours after CCl- administration
and continued to decrease thereafter. The metabolic activities and heme com-

ponents, however, were always less decreased on a per cent basis in the rats
induced with 3-MC. Furthermore, cytochrome P-420, which normally begins to

appear 14 hours after CCl, administration to control rats was not found when
CCl^ was given to 3-MC pretreated animals.

Thus, the cytochrome P-448 induced by 3-MC may be less susceptible to

destruction by CCl a or its intermediates than is cytochrome P-450. On the
other hand, 3-MC induction may alter the pathways of CCl/ metabolism causing
a decrease in formation of toxic intermediates.

Significance to Biomedical Research and the Program of the Institute :

Induction with 3-MC produces qualitative changes in the microsomal enzyme
system which presumably is responsible for the formation of toxic inter-
mediates from CCl, and other compounds, and 3-MC induction may thus provide
a better understanding of the mechanisms by which such intermediates are

formed and are exerting their effects.

Proposed Course of Project : Project has been terminated.

Honors and Awards : None

Publication:

Stripp, B., Hamrick, M.E. and Gillette, J.R. : Effect of 3-methyl-
cholanthrene induction on the carbon tetrachloride-induced changes
in rat hepatic microsomal enzyme system. Biochemical Pharm . 21:

745-747, 1972.
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Project Title:

PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972

The effects of Dibenamine pretreatment on binding
in vivo of -^^CCl, to liver phospholipids and

Previous Serial Number;

Principal Investigators;

Other Investigators:

liver protein

None

Dr. Harriet M. Maling
Dr. E. A. B. Brown
Dr. Gopal Krishna

Mr. Wilford Saul

Cooperating Units: None

Project Description:

Objectives : This laboratory has found that Dibenamine pretreatment
(25 mg/kg s.c. 48 and 24 hr before CCI4) protects rats against the hepato-
toxicity of CCI4. In this project, we determine the effects of Dibenamine
pretreatment on the covalent binding of CCl/ to liver phospholipids and
protein, Covalent binding of toxic compounds to protein and possibly to
phospholipids may be responsible for their hepatotoxicity

.

Methods Employed ; Liver lipids were extracted with chloroform-methanol
and separated by silicic acid chromatography into neutral lipids and various
fractions of phospholipids. The lipids in each fraction were separated by
thin layer chromatography.

The residue from the lipid extract, which contained the protein, was
homogenized in 107o trichloracetic acid, washed twice with trichloracetic
acid and then washed 5 times with hot methanol:ether (3:1); the remaining
radioactivity represented carbon tetrachloride covalently bound to protein.

Triglycerides, phospholipid phosphorus and protein content were measured
by standard methods. Binding was expressed as nmole CCI4 per umole lipid
or per mg protein.

I^ajor Findings
: A preliminary experiment indicated that covalent binding

of ^'^CCl^ in vivo to liver protein is about 0.5-1.0 nmole/mg protein. Bindinj
of CCI4 to liver phospholipids is about 1-1.4 nmole/umole phospholipid. Ex-
pressed in terms of gram liver, carbon tetrachloride is bound to phospholipids
to the extent of about 28-40 nmole CCl^ per gram liver and is bound to pro-
tein to the extent of about 80-160 nmole CCl^ per gram liver. Thus, the bind-
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ing of CCl/ to phospholipids is about one-third its covalent binding to pro-
tein when expressed per gram liver.

Dibenamine pretreatment reduced CCIa binding to phospholipids about 447o.

The effect of Dibenamine on CCIa binding to protein has not yet been measured,

Significance to Biomedical Research and the Program of the Institute :

Many investigators believe that carbon tetrachloride initiates its damaging
action on the liver by forming lipoperoxides , thus destroying the cytoplasmic
membranes, with a resulting loss of function of various microsomal enzyme
systems. The initial step in lipoperoxidation probably involves binding of

CCl/ to the double bonds in the unsaturated fatty acids in the phospholipids.
The finding of appreciable CCIa binding to phospholipids supports this theory,

The demonstration that Dibenamine pretreatment reduces binding to phospho-
lipids gives insight into its mechanism of action. Dibenamine may become
useful as a tool in studying hepatotoxicity

.

Proposed Course of Project ; Binding to protein and phospholipid will be

compared for various compounds. We will determine the effects of Dibenamine
pretreatment on binding of compounds to protein or phospholipids.

Honors and Awards: None

Publication: None
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Project Title;

1. Chemical Pharmacology i

2. Physiology
3. Bethesda, Md

,

PHS -NIH
Individual Project Report

July 1, 1971 through June 30, 1972
|

Protection by Dibenamine pretreatment against the'

hepatotoxicity induced by CCI4, dimethylnitros-
amine or thioacetamide

Previous Serial Number:

Principal Investigators;

Other Investigators:

NHLI -195

Dr. Harriet M, Maling
Dr. Benjamin Highman

Mr. Wilford Saul
Mrs. Martha A. Williams

Cooperating Unit: Dr. Benjamin Highman is a PHS Liaison Officer andl

Chief, Radiopathology Division, Armed Forces
Institute of Pathology, NIAMD

Project Description:

IIObjectives : We have previously reported that Dibenamine blocks both
triglyceride accumulation and necrosis in the liver induced by subcutaneous
or oral administration of CCI4 (Butler et a^. , Fed. Proc. _19: 229, 1960).
In this project we report data which indicate that the protective effects of
Dibenamine are not correlated with its alpha adrenergic receptor blockade.
We also demonstrate that Dibenamine protects against the hepatotoxicity in-
duced by dimethylnitrosamine or thioacetamide, but is ineffective against
allyl alcohol.

Methods Employed : The liver content of triglycerides has been measured b;^

standard methods. Fat deposition in tissues has been demonstrated histologic
cally by staining frozen sections with oil red 0, Necrosis has been evalua-
ted by measurements of plasma glutamic -pyruvic transaminase and by histologic
sections

,

Major Findings : Dibenamine protected rats against the hepatotoxicity of
CCIa, regardless of the route of administration of CCIa (s.c, i.p., or p.o.J
This protection was evident from the decreased liver necrosis visible in a.

histologic section, from smaller elevations in plasma glutamic-pyruvic trans"
aminase, from reduced deposition of liver triglycerides, and by the preven-
tion of the early fall in plasma triglycerides.

It is unlikely that the protection by Dibenamine against CCI4 hepato-
toxicity results primarily from alpha adrenergic receptor blockade: 1) the

optimum schedule of Dibenamine does not correspond to the time of maximum
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adrenergic blockade; and 2) other alpha adrenergic blocking agents fail to

protect rats against CCl/ hepatotoxicity . Thus, a large dose of Dibenamine
injected s.c, 30 min before CCl, failed to protect rats against CCl^, even

though adrenergic blockade was probably complete; indeed, the mortality from

CCl, was increased by this pretreatment . Two other alpha adrenergic blocking
agents, tolazoline and EEDQ (N-ethoxycarbonyl-2-ethoxy-l,2 dihydroquinoline)
also failed to protect rats against CCl/ , when injected 30 min before the

toxic agent. A single dose of Dibenamine injected s.c. 24 hr before CCl,

protected somewhat even though the adrenergic blockade at this time is con-

siderable less than during the first few hours. In contrast, tolazoline and

EEDQ were ineffective when given at any time before CCl^ (30 min, 24 hr or

2 doses 48 and 24 hr before CCl,). Dibenamine seemed to be most effective in

protecting against hepatotoxicity when administered s.c. in 2 doses, 48 and

24 hr before CCl^.

It is of interest that four of the 9 rats injected with an alpha adrener-
gic blocking agent 30 min before CCl^ died. The rats injected with an alpha

adrenergic blocking agent and oil, or with saline and CCIa, all lived. Per-
haps alpha adrenergic blockade potentiated CCl, toxicity by increasing CCl,

absorption after i.p. administration; this hypothesis is reasonable since

alpha adrenergic blockade should prevent stress-induced vasoconstriction,
thus improving blood flow and absorption.

Ganglionic blockade produced by chlorisondamine (1,3, or 10 mg/kg s.c. 15

min before CCIa) increased CCl, -induced elevations in plasma glutamic -pyruvic
transaminase and liver triglycerides.

Dibenamine (2 doses of 25 mg/kg s.c. each, 48 and 24 hr before the toxic

agent) reduced markedly the elevations in plasma glutamic -pyruvic trans-
aminases and liver triglycerides produced by thioacetamide (75-300 mg/kg i.p.)

and dimethylnitrosamine (25-75 mg/kg i.p.). The centrolobular necrosis pro-
duced by these compounds was also apparently reduced by pretreatment with
Dibenamine

.

Dibenamine pretreatment did not prevent the elevations in plasma glutamic-
pyruvic transminase produced by allyl alcohol. In male rats, allyl alcohol
did not increase liver triglycerides.

Significance to Biomedical Research and to the Programs of the Institute ;

In this project, Dibenamine has been shown to protect rats against a number
of toxic chemicals. Dibenamine may prove to be a useful tool in unraveling
mechanisms of toxicity.

Proposed Course of Project ; Additional histologic studies will be made
to confirm whether Dibenamine protects rats against liver necrosis induced by
thioacetamide or dimethylnitrosamine. The failure of Dibenamine to protect
against allyl alcohol hepatotoxicity will also be checked. We shall also de-
termine whether Dibenamine pretreatment protects rats against CCl4-hepato-
toxicity when potentiated by acetone or isopropyl alcohol.

SL*/f
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Honors and Awards: None

Publications: Thithapandha , A., Maling, H.M. and Gillette, J.R.: Effects
of caffeine and theophylline on activity of rats in relation
to brain xanthine concentrations. Proc . Soc. Exp. Biol. Med .

139: 582-586, 1972.

Zweig, M.H., Maling, H.M. and Webster, M.E.: Inhibition of
sodium urate induced rat hindpaw edema by colchicine deriva-
tives: Correlation with antimitotic activity. J. Pharmacol.
Exp. Ther., in press.
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1. Chemical Pharmacology
2. Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Increased toxicity of sympathomimetic amines In

mice by exposure to cold and the protective effects
of cortisone

Previous Serial Number: None

Principal Investigators: Dr. Theodore Koppanyl
Dr. Harriet M. Maling

Other Investigator: Mrs. Martha A. Williams

Cooperating Unit: Dr. Koppanyl is Professor of Pharmacology at

Georgetown University School of Medicine and
Demtistry, Washington, D.C.

Project Description:

Objectives : During our studies of adrenergic salivation in mice, we
noted that d-amphetamine, injected into mice which had been kept in the cold
room at 4° C for three hours, caused a fall in body temperature instead of

the rise which occurred at room temperature. This reversal of temperature
response to d-amphetamine suggested that the ambient temperature may be a

major factor in influencing drug toxicity. This project is an investigation
into the influence of low ambient temperatures on the toxicity of epinephrine
and other sjnnpathetic agonists. The effects of pretreatment with cortisone
are also being studied since cortisone has been reported to protect against
stressful situations, such as epinephrine toxicity and exposure to cold.

Methods Employed : Body temperatures are measured with a Telethermometer

.

The thermocouple probe is inserted 3 cm. into the rectum. Dose-response
data for mortality are obtained at 4° C and at room temperature.

Major Findings : The i.p. LD^q in GP (NIH) mice for epinephrine at room
temperature is 5 mg/kg. At 4° C the LDrQ is 3 mg/kg. Pretreatment with
cortisone (5 mg/kg 20 hours before placing the mice at 4° C) raised the LD^q

for epinephrine (3 mg/kg < LD^q < 5 mg/kg). A dose of 3 mg/kg epinephrine
at room temperature increased the rectal temperature about 1.6°. At 4° C,

however, this same dose of epinephrine caused a marked decrease of 6.4° C in

30 min. Pretreatment with cortisone reduced this epinephrine-induced fall in

body temperature to 3.4° C.
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Signiflcance to Biomedical Research and the Program of the Institute :

Very little information is available about the pharmacology of drugs at
various ambient temperatures. Almost all pharmacologic studies in con-
scious animals have been made at room temperature. Additional information
and understanding of the influence of low and high ambient temperatures on
drug toxicity are desirable and pertinent since many persons treated with
drugs are exposed to temperatures as low as those in a cold room or as high)
as 40° C.

Proposed Course of Project : These studies will be continued to explore
the relationships between ambient temperature, drug toxicity, and body
temperature.

Honors and Awards: None

Publications: *

Maling, H.M. , Williams, M.A. and Koppanyi, T. : Salivation in mice as
an index of adrenergic activity. I. Salivation and temperature re-
sponses to d-amphetamine and other sialogogues and the effects of
adrenergic blocking agents. Archives Internationales de Pharmaco-
dynamie et de Therapie , in press.

Koppanyi, T. and Maling, H.M. : Salivation in mice as an index of
adrenergic activity. II. The effects of atropines and ganglionic I

blocking agents on adrenergic salivation and temperature responses
in mice. Arch. Internationales de Pharmacodynamie et de Therapie

,

in press.

Maling, H.M. and Koppanyi, T. : Salivation in mice as an index of
adrenergic activity. III. Partial temperature dependence of
adrenergic drug effects. Arch. Internationales de Pharmacodynamie
et de Therapie , in press.

Koppanyi, T. and Maling, H.M. : The effects of pretreatment with
reserpine, a-methyl-p-tyrosine, or prostaglandin E-^ on adrenergic
salivation. Proc. Soc. Exp. Biol. Med ., in press.

Maling, H.M. and Koppanyi, T. : The effect of age on adrenergic
and cholinergic salivation. Proc. Soc. Exp. Biol. Med ., in press.
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Serial No. NKLI-89
1. Chemical Pharmacology
2. Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1972 through June 30, 1972

Project Title: The effects of Dibenamine pretreatment on tissue
levels of carbon tetrachloride and its metabolite,
chloroform

Previous Serial Number: None

Principal Investigators: Dr. Michel Eichelbaum
Dr. Harriet M. Maling

Other Investigators: Mr. Wilford Saul

Cooperating Unit: Dr. Eichelbaum holds a Geigy fellowship.

Project Description:

Objectives : Previous studies in this laboratory have shown that pretreat-
ment with Dibenamine hydrochloride (25 mg/kg 48 and 24 hours before CCl,)

protected rats against the hepatotoxicity of CCl/. Two possible explanations
of this protection are that the Dibenamine pretreatment might 1) interfere
with the absorption of CCl^, even when administered i.p. or 2) inhibit the
metabolism of CCl^ to its metabolite, chloroform. In this project, we have
measured tissue levels of carbon tetrachloride and chloroform at various
intervals after the i.p. administration of carbon tetrachloride (1.0 ml/kg
in sesame oil), to check these possibilities.

Methods Employed : Carbon tetrachloride and its metabolite chloroform
were extracted from tissues and plasma by a microdiffusion method as

described by Dambraukas and Cornish (Toxicol. Appl. Pharmacol., IJj 83-97,

1970) . Carbon tetrachloride and chloroform concentrations were measured
with a gas liquid chromatograph (Glowall Chromalad, Model 310) equipped with

a Ni"-^ ionization detector set at 240 V D.C. The detector temperature was
190° C. The coiled glass 2' x 1/8" column was filled with 30% hexadecane on

Chromosorb W, acid washed and DMCS treated, 45-60 mesh. The column tem-

perature was 45° C and the argon flow 60 ml/min. The injector temperature
was i-iaintained at 115° C. Under these conditions the retention times were
5.2 min for CCl a and 2.5 min for CHCI3. The detector response was linear for
known amounts of CHCI3 from 0.25 to 20 x 10"^ g and CCl^ from 0.1 to 6 x 10"^

g. The use of an electron capture detector gave a greater sensitivity than
was possible with a flame ionization detector.
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Maj or Findings : After i.p. administration of carbon tetrachloride
(1.0 ml/kg in sesame oil), its metabolite, chloroform, was detectable only
in the liver. The half-life for chloroform in the liver was about 3 hours.
At 2 and 6 hours after the i.p. administration of CCl/, liver chloroform
levels were 50 to 80% higher in rats pretreated with saline than in rats pr
treated with Dibenamine. This finding indicates that Dibenamine pretreat-
ment inhibited the metabolism of CCl, in vivo .

(

Dibenamine pretreatment did not significantly change CCl^ levels in anyj

of the tissues in which levels were measured. The highest levels of CCl a

were measured in fat 6 hours after administration. During the first 6 hour;

concentrations in fat were approximately 150 to 325 times as great in fat ai

in blood. Tissue levels in liver, kidney, and muscle were 2 to 14 times th(

blood concentration. At 2 hours, liver CCl //blood CCl, ratios were higher :

in rats pretreated with Dibenamine than in saline-pretreated rats; probably
because the metabolism of CCl, was inhibited by the Dibenamine pretreatment

These data indicate that Dibenamine does not protect rats against CCl/

hepatotoxicity by interfering with absorption. The inhibition by Dibenamin«
of CCl metabolism may contribute to the protective effects of Dibenamine pre

treatment against CCl, hepatotoxicity.

Significance to Biomedical Research and the Program of the Institute :

This study helps to clarify the mechanisms involved in protection by Di-
benamine pretreatment against the hepatotoxicity of CCl/. Dibenamine may
prove useful as a tool in studying hepatotoxicity of other compounds.

Proposed Course of Project : The effects of Dibenamine pretreatment wil]

evaluated against other hepatotoxic compounds. Studies are now in progress
on the effects of Dibenamine pretreatment on liver microsomal P-450 content,
on microsomal enzjnne systems, and on binding of labeled CCl a in vivo and in
vitro to liver protein and phospholipids.

Honors and Awards: None

Publications : None



Serial No. NHLI-90
1. Chemical Pharmacology
2. Organic Chemistry
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Purification and characterization of the enzymatic
ion transport system

Previous Serial Number: NHLI-178

Principal Investigators: Dr. William M. Hart, Jr.

Dr. Elwood 0. Titus

Other Investigators: None

Cooperating Unit: Dr. Hart is a Research Associate in the Pharmacology-
Toxicology Program, NIGMS

Project Description:

Objectives : The Mg"^- dependent , Na+-K^"- stimulated, ouabain- inhibited,

ATP hydrolyzing enzyme system has been generally accepted as being an inte-

gral part of the active transport mechanism that moves cations across bio-

logical membranes against electrochemical gradients. The enzyme is a lipo-

protein complex which is itself a part of the membrane in which it is situ-

ated. Owing to the particulate nature and the absolute dependence on associ-
ated phospholipid of this enzyme, however, attempts to purify it have been
only moderately successful. Our laboratory has thus attempted to improve the

methods of obtaining the enzyme in kidney and brain tissue in a greater
purity and in higher yields.

Methods Employed : Rabbit brain microsomes have been used routinely as

starting material, and a detailed study of the effects of extraction by salts,

bile salt detergents, and organic solvents has been undertaken.

Major Findings : Attempts were first made to duplicate the published
work of Skou and Kyte for the purification of the enzyme system from the

outer medulla of rabbit or dog kidney with bile salt treatments and density
gradient centrifugation. For reasons not fully determined, we were unable to

reproduce the published results. We then turned to the use of the rabbit
brain as the crude enzyme source. In studying the effects of extraction of

the membrane lipoprotein by concentrated salt solutions, we found that on
suspension of the microsomes in a potassium iodide solution of properly con-

trolled concentration, pH, temperature and reducing conditions, followed by

centrifugation in a swinging bucket rotor, the floating lipoid pellicle
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contains the enzjnne in high yield at a 4- to 5- fold level of purification overi

that obtained in the light (100,000 x _g) microsomes. SDS polyacrylamide
electrophoresis of the material thus obtained shows that a single protein of

approximately 94,000 MW predominates and that other proteins of differing
molecular weights are present in only trace quantities. The enzyme in this

state is associated with considerable amounts of lipid, much of which may not
be requisite to enzyme function.

Significance to Biomedical Research and the Program of the Institute :

Cation transport by biological membranes is a requisite to all cellular func-

tions involving excitability, neural conduction, production of electrical
currents, and bulk transport of electrolytes. Attempts to characterize fully

the enzymatic basis for this transport system are fundamental to the study of

basic biological mechanisms.

Proposed Course of Project : Continued attempts will be made to improve
the purity of the particulate enzyme by further careful study of conventional
techniques for the purification of lipoproteins. In addition, attempts will
be made to dissociate the protein components of the enzyme system from its

associated lipid under controlled conditions, followed by reassembly of the

intact enzyme. By this means, the enzyme is potentially available in a fully

purified state.

Honors and Awards: None

Publications: Penzotti, S. C. and Titus, E.: Evidence for two forms of

fluoride- treated sodium and potassium dependent adenosine
triphosphatase. Mol. Pharmacol . , in press, 1972.

i
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Serial No. NHLI- 91
1. Chemical Pharmacology
2. Organic Chemistry
3. Bethesda, Md.

PHS-Nm
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Synthesis of spin labeled cardiac aglycones for

electron spin resonance studies of membrane
function

Previous Serial Number: NHLI- 180

Principal Investigator: Dr. Elwood 0. Titus

Other Investigator: Mr. Wallace W, Holland

Cooperating Units: None

Project Description:

Objectives : Cardiac aglycones modified by the introduction of stable
nitroxide free radicals should be useful in membrane studies. Because of the

specificity and stability of the binding of these steroids to those membran-
ous lipoproteins which participate in the transport of cations in nerve,
kidney and other tissue, these drugs should provide useful spin labels. The

electron spin resonance spectra of bound drug will reflect the extent to which
constraints are imposed on the molecular motion of the steroid by its environ-
ment. It is anticipated that conformational changes induced by sodium and

potassium in a purified transport ATPase from nerve membranes may be revealed
by changes in the spectra of bound spin labeled digitalis analogues. There
is evidence that, even when inhibited by cardiac glycosides, this enzyme can

still undergo cation dependent conformational changes.

An effort is being made to synthesize N-oxyl-4' ,4' -dimethyloxazolidine
derivatives from ketonic aglycones. These derivatives are particularly use-

ful because of their intramolecular rigidity. The orientation of the nitroxyl
free radical remains fixed with respect to the steroid nucleus so that the

spectra reflect the rotational correlation times of the whole steroid skeleton.

Major Findings : Since introduction of N-oxyl-4' ,4' -dimethyloxazolidine
into the 3-position destroyed the digitalis-like action of digitoxigenin,
efforts to introduce a spin label into position 15 by the following reaction
sequence have been made.

AT/
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—

O

HO

The key reaction in this sequence is the formation of III, since removal of

the sterically hindering 14-OH is a prerequisite for introduction of the spir

label. In contradistinction to IV, III and V have the 14 double bond in a

position favorable for the ultimate reintroduction of 14 hydroxyl via an
epoxide, which may be a desirable step. Conventional synthesis of III in I

basic media with POCI3 has been found impractical, since the C = group

apparently favors introduction of CI and only chlorinated products were
found. Although IV is the thermodynamically favored product of acid hydra-

tion, kinetic studies have made it possible to obtain significant yields of

III.

^IS^
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Significance to Biomedical Research and the Program of the Institute :

Because of the remarkable specificity of the cardiac glycosides as inhibitors
of the transport ATPase in membrane, they are widely used in studies of the

mechanism of membrane transport. If spin labeled analogues can be prepared,
these derivatives should become even more useful tools with which to investi-
gate structural changes in membrane that are associated with function.

Proposed Course of Project ; As time is available, synthesis of V will
be completed via conventional methods.

Honors and Awards: None

Publications: None
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Serial No. NHLI- 92
1. Chemical Pharmacology
2. Organic Chemistry
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: An automated assay for the enzymatic ion transport
system

Previous Serial Number: None

Principal Investigators: Dr. Elwood 0. Titus
Dr. Elise Ann Brown
Dr. William M. Hart, Jr. ,

Other Investigator: Mr. Wallace Holland

Cooperating Unit: Dr. Hart is a Research Associate in the Pharmacology-'
Toxicology Program, NIGMS

Project Description: J

Objectives : To develop an automated assay for the Mg -dependent, Na"*" +
K+-stimulated ATPase responsible for cation transport in the membranes of
excitable tissues.

Methods Employed : Commercially available components of the Technicon
autoanalyzer system were adapted for the ATPase assay.

Major Findings : It has been well established that the (Na + IC')-ATPase
is invariably accompanied by a KT*"- dependent neutral phosphatase which is
inhibited by ouabain. The activity manifested with artificial substrates is

now accepted as a function of the potassium-dependent step of the overall
transport enzyme action. Phosphate esters attached to electron withdrawing
groups, such as £-nitrophenyl- , carbamyl, umbelliferyl, etc., are appropriate
substrates. Hydrolysis of umbelliferone phosphate in the Technicon unit
originally designed for alkaline phosphatase followed by determination of
fluorescence in a flow- through Aminco-Bowman spectrophotofluorometer has been
found a convenient means for automated ATPase determination. The difference ^
between readings with and without potassium provides a measure of ATPase activf
ity. It has been observed that the apparent K^j^ for umbelliferone phosphate
is much higher for the potassium-dependent increment than for the magnesium-
dependent base line activity. Ratios of umbelliferone phosphatase activity
to ATPase activity appear to be constant for preparations from a given tissue
but vary widely from one tissue to another. Preparations from lamb and rat
kidney have ratios about 10 times those from brain.
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Significance to Biomedical Research and the Program of the Institute :

An automated assay will greatly increase the rate at which studies of the
mechanism of cation transport in muscle and nerve can be carried out.

Proposed Course of Project ; The method, subject to refinement as the
opportunity offers, will be used in studies of ion transport mechanisms.

Honors and Awards: None

Publications: None
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Serial No. NHLI-93
1. Chemical Pharmacology
2. Organic Chemistry
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The effect of local anesthetics on smooth muscle
responses: Evidence for an allosteric interaction
involving pharmacologic receptor systems

Previous Serial Number: NHLI-176

Principal Investigators: Dr. Jerome H. Fleisch
Dr. Elwood 0. Titus

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives : Local anesthetics are nonspecific in the sense that they

cause a generalized depression of excitable tissues, such as nerve and muscle.
The effects are commonly ascribed to expansion of the surface area, stabili-
zation of the cell membrane and changes in surface potential. Preliminary
evidence has suggested that this general perturbation of the membrane may
have qualitatively different effects on different pharmacological receptors.

If so, the local anesthetics may become useful tools with which to examine
the relationships between various receptor sites, and it becomes of interest
to determine if these so-called nonspecific drugs can exert what would appear
to be highly specific effects on different pharmacologic receptor systems.

Methods Employed : Spirally cut strips of rat thoracic aorta were pre-

pared by the method of Furchgott and Bhadrahom (J. Pharmacol. Exp. Ther. Ill :

265, 1954). Spirally cut tracheal strips were prepared by the method of

Constantine (J. Pharm. Pharmacol. IT^: 384, 1965).

Major Findings : Tetracaine was previously shown to prevent isoproterenol
desensitization in rat aorta (Fleisch and Titus, Fed. Proc. _30: 623 Abs, 1971).

This effect appears to result from a general perturbation of smooth muscle I

membrane by the local anesthetic. The present study shows that tetracaine
and lidocaine will depress norepinephrine cumulative dose- response curves in

a manner similar to that observed with so-called "irreversible-competitive,"
a-receptor blocking agents (i.e. Dibenamine) . Thus, low concentrations of

local anesthetic induced a parallel shift of norepinephrine dose-response
curves to the right whereas higher concentrations produced dose-response
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curves with a decreased slope and a depressed maximal response when compared
to the controls. Similar effects were noted in rat trachea stimulated with
carbachol in the presence of varying concentrations of tetracaine. KCl dose-
response curves in rat aorta were also depressed by tetracaine at the same
concentrations that depressed norepinephrine response. However, KCl dose-
response curves obtained in the presence of tetracaine were characterized by
only a slight shift to the right and a decreased maximal response. The ini-
tial effects of tetracaine are therefore operationally equivalent to a change
in the affinity constant of adrenergic receptors and a partial obliteration
of the IC*" "receptors." The present study, therefore, shows that agents which
presumably do not interact with specific drug receptors can produce effects
similar to those seen with "selective" receptor antagonists. Furthermore,
the results indicate that the dose- response pattern produced by irreversible,
competitive receptor antagonists cannot be used to support the concept of
spare receptors.

Significance to Biomedical Research and the Program of the Institute :

Local anesthetics are among the most widely used pharmacologic agents in medi-
cine. Their use in halting cardiac arrhythmias is well established. We
showed that these agents have effects resembling those of highly specific
drug receptor antagonists. These data might help explain, on the molecular
level, some of the actions of local anesthetics seen in clinical situations.
In addition, we hope that tetracaine, lidocaine and their derivatives can be
used to map some of the pharmacologic receptor sites present in smooth muscle.

Proposed Course of Project : We proposed that local anesthetics interact
with membranes and cause allosterically mediated changes in surrounding mole-
cules. We are currently investigating whether any of the perturbed molecules
are part of specific pharmacologic receptor systems. If a specific altera-
tion in a pharmacologic receptor can be substantiated, it might prove useful
in the characterization of this macromolecule.

Honors and Awards: None

Publications: Fleisch, J. H.: Further studies on the effect of ageing
on p-adrenoceptor activity of rat aorta. Brit. J. Phar -

macol . 42: 311-313, 1971.

Maengwyn-Davies, G. D. , Fleisch, J. H. and Pruss, T. P.:

Desoxyisoprenaline: An adrenoceptor stimulating and block-

ing agent. J. Pharm. Pharmacol ., in press.

Fleisch, J. H. and Titus, E.: The prevention of isopro-
terenol desensitization and isoproterenol reversal.

J. Pharmacol. Exp. Ther . , in press.
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ANNUAL REPORT OF THE
LABORATORY OF TECHNICAL DEVELOPMENT
NATIONAL HEART AND LUNG INSTITUTE

July I, 1971 through June 30, 1972

The Laboratory of Technical Development Is concerned with problems

of basic and clinical medical science that can be solved by the development
of new instruments and methods. Solution of these sorts of problems
requires development of methods and evaluation of their utility by direct
application to research or clinical situations. The laboratory provides
an environment and facilities for instrumentation and method development
in close conjunction with the medical research program of NIH. A section
of the laboratory is specifically dedicated to research into the physiology
of artificially supported pulmonary cardiac function and to the development
and application of support systems.

LIQUID LIQUID CHROMATOGRAPHY

Two types of countercurrent chromatographic systems have been
developed, both allowing the effluent to move in and out through fine
lead tubes of the running centrifuge head without rotating seals. The
first type, the flow- through coil planet centrifuge, employs a vertical
helical tube that revolves about the center of the apparatus while it

counter-rotates around its own axis at the same angular velocity to avoid

twisting the lead tubes. The mobile phase, introduced through the feed

tube into the stationary phase in the helical column, forms multiple
segments and is eluted through the return tube, leaving a given volume
of the stationary phase held in the column. The second type, the elution
centrifuge, involves a horizontal cylindrical column holder that revolves
around the center of the apparatus while it counter-rotates about its own

axis at the same angular velocity to prevent twisting the lead tubes. The

column, made of a helical tube, retains a segment of the stationary phase

in each coil unit, while the mobile phase is percolated through the segments,

These countercurrent chromatographic systems provide broad application to

various two-phase systems and enable both analytical and preparative solute

partitioning at high efficiency without complications arising from the use

of solid supports. Significance of the technique has been demonstrated
on the separation of DNP amino acids, peptides, and urinary catecholamines.
Several other applications such as cell elutriation, osmotic fragility test

of cells, separation of serum proteins by salt gradient elution, are also
tested with promising results.

A systematic examination of the relationship of rotational speed

and flow parameters of the two-phase extraction system has demonstrated
that optimum partition is obtained at a particular combination of centri-
fugal force and rotational speed. Since rotational speed and specific
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centrifugal force can only be obtained by changing the radius of gyration,
these data suggest that a somewhat greater rotational radius should be
explored b efore a definitive design for a general purpose instrument
can be recommended. As the larger instrument exceeds the engineering
capacities of NIH facilities, we are preparing to have this instrument
constructed on contract to complete the studies and arrive at a definitivel
design for a general purpose instrument that should be manufactured.

AUTOMATED MICROBIOLOGY AND CYTOLOGICAL METHODS

•

A method of rapidly measuring cell and bacterial colony growth in

capillary tubes reported last year as a method of reducing the time
required for antibiotic susceptability testing has been demonstrated to

reduce the reporting time by about one-half and provide a basis for
automation of the procedure that also reduces space and media requirements.
This work has been done in cooperation with Dr, Blume at University of

Minnesota Hospital and has stimulated instrument makers to develop a

product for this purpose. At the LTD, we have demonstrated and published
on the applicability of the instrument to antimetabolite interactions on

growing cells. Specific cell studies on leukemic cells, mycoplasma
colonies and cell lines with specific metabolic defects are being carried
on with the cooperation of other NIH laboratories having relevant problems.
So far our studies have established that we can grow several kinds of cells

in tissue culture media in capillary tubes and measure cell growth properti
and the modification of growth by metabolites and cellular interactions.
We can detect mycoplasma growth in two days while the usual methods take

10 days. Bone marrow stem cell growth is detectable in 3 days as opposed
to the usual 10 days. Specific electronic measuring circuits are being
adapted to the particular problem of those studies as the requirements
are established.

In recognition of the need for methods for evaluating the metabolic
activity of individual cells that would replace uptake of radioactive
material, dye exclusion, morphologic variations, cloning, formazan
conversion and other schemes that use bulk analysis of filtrates, etc.,
we are exploring the feasibility of using the heat production of each
cell as a method of discriminating active from quiescent cells. New
materials that have now become available through the application of

advances in solid state physics to materials technology have been made
that exhibit a rapid change in magnetic or optical properties within the

range of temperatures of cell growth. To most effectively select, predict,
and evaluate performance of these materials, we have arranged a cooperative
program with the DOD China Lake Laboratory to transfer temporarily a solid(^

state physicist to this laboratory. Current investigation has confirmed
physical feasibility and preliminary work has outlined the requirements
for a definitive test system.

Cell metabolism measurements have been performed by calorimetric
methods that require several thousand cells or millions of bacteria and
generally have long equilibrium times so that measurements on small numbers

of cells and early changes are relatively time-consuming. f
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We have developed a calorimetrlc system based on the idea that the

electrical heat pumping semiconductor thermopiles can be used to sense

very small temperature differences across their thickness and also used

to transport the heat electrically to re-establish a minimum gradient.

The advantage of the idea to biological calorimetry lies in the ability
to establish equilibrium conditions rapidly and maintain adlabatic
conditions in which the heat transfer current is used to measure caloric
output of the biological process. A system of standard commercial heat

pump units combined with the necessary electronics to alternately sense

and restore equilibrium thermal conditions has been constructed and

demonstrated to have microwatt sensitivity in a tenth of a second response
time. This is considered well within the requirements of studies of

hundreds of cells but definitive testing has not been completed.

HIGH-SPEED REACTION MEASUREMENTS

The high-speed flow instrument developed in this laboratory and

subsequently manufactured by Aminco has been in operation during the

last year in extensive studies of the reactions of human hemoglobin with
oxygen and carbon monoxide in the presence or absence of various small

molecules. These include phosphate, 2-3 DPG, HCl, bicarbonate, CO2 and

Bis-Tris. Exhaustive purification of hemoglobin has produced isoionic
hemoglobin, which has a specific conductivity of 250,000 ohms. The
isohemoglobins were separated by standard electrophoretic or chromatographic
methods, but as these constitute less than 5% of the protein, they have

been ignored in the present kinetic measurements. The moti t striking
result of the experiment is the fact that the reaction in water is five

to six times as rapid as the reaction with any of the small molecules
present. Furthermore, the reaction in Bis-Tris seems to be pH independent,

strongly suggesting that the "off" reactions are the ones most affecting
the dissociation curve which is greatly shifted to a lower oxygen affinity
as the pH drops. Combined Laser Flash Photolysis and Stopped-Flow measure-
ments presently in progress indicate that the first three "on" reactions
may have the same "on" constant while the last one is very fast. This

apparently is due to the fact that the hemoglobin molecule has "flipped"
from the deoxy-quaternary state to the oxy state, which seems to have a

rate constant nearer that of the free chains. Thus the high resolution,
200 microseconds, of the instrument is proving to be of great importance
in clarifying this reaction.

A new improved fast stopped-flow calorimeter has been completed
and tested electrically and chemically. It has been applied to the

measurement of several amino acids using the decarboxylase reaction.
Sensitivity is in the neighborhood of 0.5 nanomoles in a 150 microliter
volume. In addition, extensive testing has been conducted in cooperation
with the Thermochemistry Section, Physical Chemistry Division, National
Bureau of Standards, and the Clinical Chemistry Section, Clinical Center,
National Institutes of Health, on the feasibility of utilizing the system
for clinical biochemistry. Glucose in serum samples has been determined
with a sensitivity of 5 microgram %. Reasonable agreement was obtained
with the values measured by the NIH clinical chemists. Further work on
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even more sensitive calorimeters is planned for use on antigen-antibody
reactions, etc.

FLUORESCENCE METHODS

I
Controversy still remains as to the "true" value of quantum yields,

polarization, lifetimes, etc., of "standards", including quinine. We
find that the yield and lifetime of quinine varies with H2SOA concentra-
tion for reasons that are still unclear. A review of reported values
of Q, P, and lifetimes was presented at a NBS conference and written up.

In a separate study, corrections needed in polarization measurements
were examined. The grating factor was found to vary only with mono-
chromator setting and not slit width. Calibration curves for each
instrument can be made, obviating need to determine grating factor every
time. We plan further work with the stopped- flow variable ratio device
and with the single-photon device when it arrives.

A study in collaboration with Dr. Anfinsen's group was published.
This dealt with the renaturation of nuclease as studied by stopped-flow
fluorescence, which revealed two first order processes, one of which
was temperature- independent . Further collaboration using stopped-flow
work is in progress, including studies on combination of fragments of
nuclease. Another study dealt with the silver-ion quenching of protein
fluorescence. The quenching mechanism was due to energy transfer to a

silver- sulfhydryl adsorption band. Some time was also spent reviewing /

the whole field of protein fluorescence for an article in a book. ^

Miscellaneous studies included depolarization of fluorescence using the
intrinsic emission of proteins, and exciting at different wavelengths m
so as to get the orientation of the tryptophans along the axes of the 9
protein. We also looked at the possibility of measuring isotope
exchange rates by measuring fluorescence when compounds are plunged
into D2O in the variable ratio stopped-flow device.

Bilirubin-albumin complexes were studied and found to have an
extrinsic fluorescence. Bilirubin does not fluoresce in nonpolar solvents
and its fluorescence apparently requires a particular configuration that
occurs on binding and that is correlated with the CD spectra. Added fatty
acids perturb the fluorescence and fluorescence polarization spectra
suggesting that they lie up against the bilirubin. The binding constants
were determined using fluorescence quenching. Very high association
constants between 10' and 10^ M"^ were found for albumins of different
species. Stopped-flow fluorometry showed that binding was very rapid,
followed by a slower rise in the bilirubin fluorescence. Thus, bilirubin/
binds and then rearranges its shape. Energy transfer calculations showed^
that the bilirubin- tryptophan distance was about 26 A, and thus tryptophan
is absent from the bilirubin binding site.
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This work was presented at the Battelle conference and written up

for a proceedings- type book now in press; more complete write-up will
follow.

PHYSIOLOGICAL MEASUREMENTS

Instrumental methods for the measurement of blood gases and oxygen
saturation needed for our progmmof artificial support of pulmonary and

cardiac function have been developed and applied to animal and clinical
support systems. These instruments include a reflectance oximeter that

operates by comparing the reflectance of the blood at two wavelengths
and computes and indicates p02. Unique application of solid state light

sources, sensors, and electronics are used to achieve a degree of con-

venience, compactness, and dependability that will facilitate monitoring
of p02 in extracorporeal systems. The measurement of pC02 by calorimetric
output from a lithium hydroxide CO2 absorber placed on a solid state
heat pump thermopile in a system stabilized by electronic feedback has

been demonstrated to have the sensitivity to replace the mass spectrometric
measurement of 002* Mass spectrometers costing many thousands of

dollars are dependable and precise but their high cost, large size, and

limited availability make this new pC02 system important to extracorporeal
support systems. Several nuclear magnetic resonance techniques for

noninvasive measurement of blood flow distribution and tissue perfusion
have been demonstrated in vitro and the instrumentation parameters have
been evaluated and used for the basis of design for a system that will
be applied to animals and man to determine its utility in detecting
early changes in brain circulation or following progression or regression
of vascular changes. A contract program with Medical College of Wisconsin
has aided in the establishment of the theoretical and practical parameters
for a system and is preparing to make definitive studies with new apparatus
in primates in conjunction with surgical intervention and angiography
and application to clinical studies in the future.

SECTION ON PULMONARY AND CARDIAC ASSIST DEVICES

This section is developing assist devices capable of long-term support
of the failing lung and/or heart. The method of choice at present is

peripheral vascular cannulation with extracorporeal spiral membrane lung

blood oxygenation and return of blood to the venous or arterial systems.

The performance of the spiral membrane lung in routine laboratory use

equals or exceeds other membrane lung systems now under development or in

actual use. This membrane lung has been clinically applied at other institu-

tions and at NHLI for respiratory assist in perfusions lasting up to 8 days

without the need for a filter in the blood line. This membrane lung with
the system now employed is considerably more biologically acceptable than
present day heart-lung machines. Future cardiopulmonary bypass and

respiratory assist will almost certainly employ membrane lung systems.

We have developed a technique whereby membrane of highest quality can
now be continuously cast of silicone rubber dispersons. Such membrane has
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shown excellent clarity and physical properties well above that previous^
received from commercial manufacturers. Such membrane will now be incor-(
porated in the spiral membrane lung. It is to be recalled that the major!
problem haunting the membrane lung since its first inception has been
membrane pinholes, rendering previous use of the membrane lung unreliable
in the clinical environment.

We have observed in blood flowing passively retrograde through the 1

pulmonary vasculature during total cardiopulmonary bypass in lambs A
a severe alkalosis (pH 7.85), hypocapnea (pC02 iq) , and hypoglycemia
(below 20 mg%) . Marked pulmonary congestion and hemorrhage was consistent
observed within a few hours. It had been shown earlier by White in
in vitro studies that whole blood rendered severely alkalotic (pH 7.86)
and hypocapneic (pC02 lo) rapidly results in severe plasma hemoglobinemia
(2000 mg7.) and lactic acidemia. This has been traced to specific injury
to the RBC. These findings suggest the importance of CO2 mixtures (5-77.)

Instead of pure oxygen for ventilating the lungs or in maintaining lungs
Insufflated in clinical procedures where pulmonary blood flow is suddenly
interrupted or severely impaired (elective cardioplegia, pulmonary embolus
hemorrhagic shock); this would have the effect of avoiding inadvertent
extreme alkalosis within the pulmonary tissues, and possibly severe
impairment of pulmonary function. Studies to further elucidate the
mechanism and to document corrective measures are now in progress.

Animal studies are now in progress to study the effects of long-term
(3 day) high flow (807. cardiac output) veno-arterial bypass in the sheep.
Preliminary results indicate such bypass is non- injurious to the animal. ^

V
A special alloy consisting of nickel and titanium (Nitinol) exhibits

some unusual "memory" under certain temperature conditions. In cooperatic
with the Naval Ordnance Laboratory, we have attempted to utilize this
memory by incorporating Nitinol into a wire-reinforced Lycra polyurethane
catheter. Such a catheter can be crimped and rolled into a smaller cathet
(and is thus easier to Insert into a smaller blood vessel); on warming,
this catheter will suddenly expand and return to its original, large-bore
dimension. The advantage of this feature for difficult arterial
cannulations are obvious.
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Serial No. NHLI- 94
1. Laboratory of Technical Development
2. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 20, 1972

Project Title: Fluorescent Complexes of Proteins

Previous Serial Number: NHLI-263

Principal Investigator: Raymond F. Chen

Other Investigators: None

Project Description:

Objectives: Proteins have two types of fluorescence: intrinsic,
i.e., that due to aromatic amino acid residues in the polypeptide chain,
and extrinsic, that due to attached fluorescent groups. This study is

concerned with the properties of the extrinsic fluorescence due to

attached groups. The study of such complexes elucidates ways in which
proteins can be studied by fluorescent probes, or conversely, ways in
which the protein can influence the bound fluorescent ligand.

Methods Employed: Fluorescence measurements have been made by
methods described previously, using adaptations of commercially available
apparatus, including the Aminco-Bowman spectrof luorometer and the TRW
nanosecond lifetime apparatus.

Major Findings: Bilirubin-albumin complexes were further studied.

Previously, we had found that bilirubin bound to albumin was fluorescent.
Unlike compounds like naphthalene dyes, bilirubin fluorescence could not
be duplicated by solution in organic solvents but requires binding to

albumin. The CD spectra of bilirubin-albumin complexes using albumins
from sheep, pig, horse, rabbit, cow, and humans were taken. Fluorescence
could be correlated with the CD data, suggesting that a specific conforma-
tion of the bilirubin in a helical shape was needed for both CD and
fluorescence characteristics. Because bilirubin goes from a random to

a highly constrained shape upon binding, it was expected that a large

decrease in entropy would be found. The binding constants were therefore
determined with the aim of determining the thermodynamic parameters of
binding. Using fluorescence quenching, it was found that at 23°, human
and bovine albumins bind bilirubin with association constants of 7.0 x 10'

M"^ and 2.2 x 107 m"^. At 37°, human albumin binds about 10 times less

strongly and the AS was found to be -59 e.u., a large change. Energy
transfer considerations suggested that tryptophan was absent from the
binding site for bilirubin. Stopped-flow experiments were performed by
mixing bilirubin with various albumins. These have shown that binding
is very rapid: probably it is diffusion-controlled. However, binding is
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followed by a slower change In the bilirubin as measured by the appearance
of the characteristic fluorescence of bound bilirubin. The slow change
requires a half-time of 15-100 milliseconds depending on the species

of albumin used. Other experiments involved studies of the stability of

bilirubin in the presence and absence of albumin and ultraviolet light,

and the effect of fatty acids on the fluorescence and polarization
spectrum of the bound bilirubin.

^

Fluorescence depolarization studies have been performed with the

aim of detecting and using non-random labeling of proteins by dyes. The
principle of the experiment is to label proteins with a dye such as DNS
so that an average of less than 1 dye Is attached per molecule of

protein. If the dye attaches randomly, the apparent relaxation time of

the conjugate should be independent of excitation wavelength. On the

other hand, if the dye axes are fixed along the protein ellipsoidal
axes in a nonrandom manner, the apparent relaxation time usually will
vary with exciting wavelength. Experiments using DNS- labeled albumin showi

that DNS does not label randomly as previously thought. This is confirmed

by finding that a lightly labeled DNS-albumin preparation shows a negative

CD band coinciding with the DNS absorption. DNS-Iabeled proteins examined

by us seem to show that nonrandom labeling is the rule; this is contrary

to the assumption usually made about fluorescent conjugates.

Significance to Biomedical Research and the Program of the
Institute: Blllrubin-albumln complexes are Important clinically.

The development of a method for determining the binding constant

fluorometrically may help in assessing the effect of drugs and fatty

acids on the strength of binding of bilirubin, sin ce it has been postulat

that various compounds displace bilirubin from albumin, thus increasing
the risk of kernicterus. The study of blllrubin-albumln complexes from
a physical standpoint also is of basic interest; our studies have shown

that fluorescence can be used to study the shape of the ligand bound to a

protein. The depolarization studies with DNS- labeled proteins deepens

our understanding of the significance of the fluorescence depolarization
method originally Introduced by Weber in 1952. As such, these studies

help to advance yet another biophysical method for studying protein
interactions.

Proposed Course: We plan to complete the blllrubin-albumln work.

Using 6 different albumins, we wish to determine the binding constants

at different temperatures, thus obtaining the thermodynamic properties.

When the ORTEC single photon apparatus arrives, it is hoped that nano-

second polarization measurements can be carried out. In contrast to v

steady- state measurements, such time-resolved data can resolve multiple

relaxations. Familiarization with the new apparatus will probably require

considerable time.
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Honors and Awards; Invited lecturer, Conference on Quantitative
Fluorescence Techniques as Applied In Cell Biology, held at the
Battelle Seattle Research Center, March 27-31, 1972.

Publications; Chen, R.F., The fluorescence of blllrubln-albumln
complexes. Proceedings of Conference on Quantitative Fluorescence
Techniques as Applied in Cell Biology, Battelle Seattle Research Center,
March 27-31, 1972. In press.
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Serial No. NHLI-95
1. Laboratory of Technical Development
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Methodology in Fluorescence Measurements

Previous Serial No.: NHLI-262

Principal Investigator; Raymond F. Chen

Other Investigators: None

Cooperating Units; None

Project Description:

Objectives; There has been a spectacular increase in the use of
fluorescence spectroscopy in biochemistry in the last decade. This is

due both to the power of this technique and to the availability of

instruments and methods to make the requisite measurements. Our
purpose is to contribute to the refinement of methods for assaying
values such as quantum yield, spectra, lifetimes, and kinetic parameters»s

Methods Employed; We have sought to adapt and improve commercially
available instruments for measuring fluorescence parameters. For
instance, in the past we have shown how such fluorometers (although desig

for analytical and chemical work) could be used to measure corrected spec

and quantum yields. Our work should have more significance to the bio-

chemical community than it would if we worked only with laboratory- built
instruments.

Major Findings: Problems in determining the fluorescence polariza-
tion, P, with a grating-type instrument such as the Aminco-Bowman spectro-

fluorometer were reviewed. The grating factor, G, which is needed in

the equation for P in order to correct for grating anomalies was determini

over a wide range of emission monochromator settings. G was found to

vary sharply with wavelength, but to be little affected by slit width.

Therefore, we feel that a calibration curve of G versus wavelength can be

made for each instrument, obviating the necessity of determining G for
each solution measured. The influence of blank corrections was also
documented, and it was shown that polarization spectra of substances

[

with very low quantum yields (less than 10"-^) were possible.

Several years ago, we reported that quinine, the most widely used
fluorescence standard, had anomalous properties including a shift of its

emission spectrum to the red upon excitation at the long wavelength edge

of the absorption spectrum. We have now also documented a variation in

quantum yield with the strength of acid in the solution, although quinine
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apparently is already protonated fully below pH 3. The quantum yield is

6% higher than 1 N H2SO4 than in 0.1 N H2SO4, and higher still in

10 N HoSO^. The lifetime changes in proportion to the quantum yields.

These previously unreported findings were presented at a conference
on accuracy in spectroscopic measurements at the National Bureau of
Standards. Also presented there were reviews of presently available
values for possible standards for use in quantum yield, lifetime, and
polarization measurements. The conclusion presented was that the
precision of present-day measurements greatly exceeds the possible range
of inaccuracies present in the values obtained.

The variable- ratio stopped-flow device was tested out. Some
problems were noted when the volume ratios of the mixed solutions exceeded
about 5:1, although the marked mixing ratios go up as high as 100:1.
Apparently, the lead tubing is too flexible, and there may be back flow
from the high volume side to the low volume side, followed by slower
leakage into the observation cell. This results in artifacts such as
incomplete mixing and unstable readings. We are trying to use narrower
leads and are planning to use the apparatus for measuring rapid
fluorescence changes upon switching solvents, such as D2O for H2O or
vice versa, and 8 M urea for 0.1 M urea. Variable ratio stopped-flow
fluorescence has not been reported In the literature, to our knowledge.

Significance to Biomedical Research and the Program of the

Institute: The continuing Interest In fluorescence methodology Is

consistent with the past work of this Institute where the spectro-
fluorometer was first developed. Fluorometry Is a basic technique In

clinical and basic research.

Proposed Course: Continued work with the stopped-flow system is

planned. The reason for the variation in quinine quantum yield with
acid concentration will be investigated further. We hope to publish more
data relating to the accuracy of quantum yield values, including those

for quinine. A photon- counting system produced by ORTEC, Inc. will be

delivered shortly. Much work will be required to familiarize ourselves
with it and to use it to derive fluorescence decay times, time- resolved
spectra, nanosecond polarization data, and to see if it can be used for

analytical methods.

Honors and Awards: Invited Lecturer at Conference on Accuracy in Spectro-
photometric and Luminescence Measurements, National Bureau of Standards,
March 22-24, 1972.

Publications:
1. Chen, R.F. Corrections in the measurement of fluorescence

polarization. Anal. Lett. 4: 459-469, 1971.
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2. Chen, R.F. Measurements of absolute values in biochemical
fluorescence spectroscopy. Proceedings of the Conference on Accuracy

in Spectrophotometric and Luminescence Measurements, National Bureau of

Standards, March 22-24, 1972. In press.
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Serial No. NHLI-96
1. Laboratory of Technical Development
3. Bethesda, Maryland 20014

PHS-NIH
Indlvldtial Project Report

July 1, 1971 through June 30, 1972

Project Title: Applications of Fluorescence in Biochemistry

Previous Serial Number: NHLI-264

Principal Investigator: Raymond F. Chen

Other Investigators: Dr. Henry Epstein, Dr. Albert Light
Laboratory of Chemical Biology, NIAMD

Project Description:

Objectives: By applying techniques developed in this laboratory,

wide recognition and acceptance of these developments may be expected.

In addition to this, the basic problems represented by these applications

are of great interest in biochemistry; their study contributes to aspects

of biochemistry.

Methods Employed: We have used methods developed here in previous

years for measuring stopped- flow fluorescence kinetics, lifetimes,

quantum yields, polarizations, and spectra.

Major Findings: Collaboration has continued with members of Dr. C.B.

Anfinsen's laboratory on problems involving the enzyme. Staphylococcal
nuclease. In cooperation with Dr. H. Epstein, we measured the rate of

refolding of the enzyme from a denatured state in acid, to the native

state at pH 5. The fluorescence increases by about 2. 5- fold in going
from denatured to native states, and the stopped- flow measurements showed

that the folding Involved two first order processes with half-times of

55 and 350 milliseconds at 23°. The second process increased to 750

milliseconds at 13° while the fast process was temperature- independent.

The interpretation was that the rapid, temperature- Independent process

was helix-formation. This work was published in J. Molecular Biology.

Current work involves collaboration with Dr. Light on the combina-

tion of tryptic fragments of nuclease. The native enzyme is a single
chain of 149 amino acids. Fragment P2 is residues 6-48, and P3 is 49-149.

Combination of P2 with P3 is being studied by stopped-flow measurements
using fluorescence. This is possible because the single tryptophan at

position 140 in P3 increases in fluorescence by about 2-fold after

combination with P2. The combination becomes enzymically active and has

apparently the native conformation. Documentation of the rates of

combination of P2 and P3 as well as other fragments, the Influence of

salt, the influence of substrate, Ca++, inhibitors, etc., will be performed.
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Fluorescence quenching by silver ion interaction with proteins
was studied. Silver was similar in some respects to mercury ions,

which were studied the previous year in regard to the quenching of

protein fluorescence. Like mercuric ions, Ag"^ was found to give an

intense UV absorption band when combined with sulfhydryl compounds.

The absorption band of silver mercaptides extends as high as 400 nm and

so energy transfer from tryptophanyl residues to mercaptide absorption a

bands was a reasonable mechanism for protein fluorescence quenching by

Ag"*". Critical transfer calculations were carried out. Two proteins,

ovalbumin and liver alcohol dehydrogenase were especially strongly

quenched by stoichiometric amounts of Ag"^. A manuscript containing
these data has been prepared, although it is not yet in press.

A review article was written for the second edition of the book.

Fluorescence; Theory, Instrumentation, and Practice. The marked growth

in the use of fluorescence spectroscopy in macromolecular biochemistry

is reflected by the large number of selected references (447).

Several miscellaneous investigations were started. It seemed possible

to identify the orientation of a single fluorophor attached to a macro-

molecule by doing fluorescence depolarization measurements using different

excitation wavelengths. This selects certain axes in the fluorophor, and

variations in the observed relaxation time means preferential orientation

along given macromolecular axes. This was applied to Staph, nuclease,

which has 1 tryptophan whose orientation is also known from the 2 angstroi!{||

X-ray crystallographic coordinates. Also, the possibility of measuring

isotope exchange rates in tryptophan and tyrosine containing compounds

by stopped-flow fluorescence was investigated briefly and found promising.

These compounds fluoresce brighter in D2O than H2O, and can be used as

monitors of exchange rates.

Significance to Biomedical Research and the Program of the

Institute: The problems Involved are of basic biochemical Interest.

Also, the application of advanced fluorescence techniques is of importance*

to workers in other fields as well. The Institute has contributed to

basic techniques such as fluorescence spectroscopy for the study of protei

structure, which is basic to the understanding of human physiology.

Proposed Course: Several problems will be investigated: (1) We

plan to continue collaboration with Dr. Anfinsen's group on nuclease

chemistry using stopped-flow fluorescence. (2) We plan further work on

the silver ion studies. (2) The data on the use of intrinsic protein

fluorescence to determine orientation of tryptophans and relaxation times a

can be increased and brought to fruition. (4) When the variable ratio '

stopped-flow system is working better, more data will be collected on

isotope exchange rates fo'llowed by fluorescence. (5) When the single-

photon fluorescence decay apparatus arrives from ORTEC, one of the problem

will be to set up the Instrument for measuring polarization as a function

of time on a nanosecond scale. (6) Miscellaneous projects from this and

previous years should be completed and collated, including our data on
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the renaturation of bovine serum albumin, the formation of exclplexes

by indoles, and the modification of glutamic dehydrogenase kinetics by

dansylation.

Honors and Awards: None

Publications:
1. Epstein, H.F., Schechter, A., Chen, R.F., and Anflnsen, C.B.

Folding of Staphylococcal nuclease: kinetic studies of two processes

in acid renaturation. J. Mol. Biol . 60: 499-508, 1971.

2. Chen, R.F. Extrinsic and intrinsic fluorescence of proteins.

In G. G. Guilbault, Ed., Fluorescence: Theory Instrumentation and

Practice, second edition. Marcel Dekker, Inc., N.Y. In press.
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Serial No. NHL I- 97
1. Laboratory of Technical Development
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Peltier- Seebeck Equilibrator

Previous Serial Number: NHLI-269

Principal Investigator: Frank W. Noble

Other Investigators: Robert L. Bowman, Robert L. Berger , Peter Carmecl

Cooperating Units: None

Project Description:

Objectives: To evaluate the idea that semiconductor heat pump
elements could be used to produce a high-sensitivity microcalorlmeter
that would come to equilibrium fast enough to permit the study of cell
and bacterial metabolism.

Methods Employed: In general, microcalorimeters require relatively
large thermal masses and have slow response. The present concept (

employs a pair of commercial heat pump devices that contain an array
of semiconductor elements in a thermopile configuration. The thermocouples
have much higher output than metal thermocouples and in addition have
the ability to transfer heat from one junction to the other in response
to current flow. We have placed a pair of these devices face to face
In contact with the biological sample cell and connected them so that any
temperature difference between the sample faces and the outer faces
would produce a potential to indicate this difference. This potential
is used in a feed-back system to pump the heat from the sample compartment.
The sampling and pumping cycles are alternately performed 60 times a second
and the current necessary to maintain equilibrium is integrated and equated
to heat production. The heat pumped out is stored in a metal block as a

heat sink that has thermal capacity many times that of the sample so that
the sink temperature changes are insignificant. The advantage to biological
use is that the system is dynamically driven to equilibrium by the servo
amplifier, and integrated current thereafter is a measure of the heat
production produced in the sample.

Major Findings: Known heat rate inputs have been produced by
passing measured currents through a miniature resistor located within
the cell. We are now able to detect a change of one microwatt in a

bandwidth of one- tenth Hertz, which is approximately one hundred times
better than the first model. Presently we are reducing drift problems
caused by thermal junctions in the input circuitry, first by reducing
the thermal sensitivity of the junctions by use of low thermal solder,
welding, etc., and second by thermostating the input circuit.

I
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Significance to Biomedical Research and the Program of the
Institute: The metabolism of small samples of cells or bacteria could
be measured and modification by antimetabolites, antibiotics, and
essential components evaluated in a short time.

Proposed Course: We intend to stabilize the input circuitry of the
amplifier to reduce its drift. The cell design will be optimized to

improve its sensitivity and reduce its drift. Tests will again be
made on bacteria to determine if the long-term drift and thermal sensiti-
vity of the device are now sufficient to be useful for this application.
In cooperation with Dr. Berger, studies will be made of the kinetics
of chemical reactions.

Honors and Awards: None

Publication: None
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PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Development of new technique with the elution
centrifuge.

Previous Serial Number: None

Principal Investigator: Yoichiro Ito

Other Investigator: Robert L. Bowman

Cooperating Units: None

Project Description:

Objectives: Exploration of new application fields for the elution
osntrifuge (other than countercurrent chromatography described earlier).

Methods Etaiployed and Major Findings: The test system (the elution
centrifuge) is employed to conduct preliminary experiments to explore
various application fields as follows:

1. Elutriation of blood cells, bone marrow cells, cancer cells,
|

etc. A helical column prepared from a fine bore (less than 1.2 mm I.D.)

Teflon tube is filled with an isotonic saline solution and a small

amount of whole blood (EDTA) is introduced through the feed tube.

Then the saline solution is pumped at a constant flow rate while the

apparatus is spun at a high speed ranging from 800 (150 g) to 2000
(1000 g) rpm. We have found that helical configuration of the column
plays an important role in elutriation. A twisted column with a

stretched helical configuration is capable of elutriating platelets,

lymphocytes, granulocytes, and erythrocytes, in order, from a rather
large quantity of whole blood (300 ul). Cultured hepatoma cells, if

mixed with the blood sample, are also elutriated out much faster than
the erythrocytes. When a human bone marrow cell mixture is applied,
the young blast cells are first elutriated out, leaving the mature
type cells in the column. In this situation, it seems likely that the

heavier and smaller cells (erythrocytes) tend to stay longer in the

column while the lighter and larger cells (cancer cells, blast cells)
are elutriated quickly out of the column. When the helical configuration
is a tight coil or multiple straight loops, the applicable sample size d

becomes very small (approximately 1/100 of the former) and the
"

elutriation process seems to follow the Stokes formula.

<
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2. Osmatlc fragility test of blood cells: A fine short column
with a helical configuration can trap cells in each coil unit while
the fluid is moving through the column. Thus, the gradient elution
with a saline solution (from 0.85% to 0%) elutes hemoglobin or other
solutes released from lysed cells, leaving the intact cells in the
column. The pattern of the hemolysis is then directly recorded through
the monitor at 540 and/or 280 nra. The preliminary results show
reproducible curves for sheep erythrocytes (sample size: 3 }il whole
blood) in 20 minutes, which will be reduced to less than 10 minutes
when the technique is refined.

3. Fractionation of the serum proteins by gradient elution
(salt or alcohol): A fine long twistvd column applied to the test
system traps precipitated protein particulates in each coil unit,
which can be eluted in order of solubility by gradually reducing the
concentration of the precipitants. With ammonium sulfate gradient
elution (50% - 0% saturation), the human serum proteins (0.5 ml
serum) elute in two peaks in four hours. Since a high concentration
of (NH4)2SOa has a relatively high density and viscosity, a strong
centrifugal force is required to precipitate all fine particulates
even at a low flow rate of 1.2 ml/hr. Therefore, it is feasible to
achieve a better result by using an alcohol gradient elution at a

low temperature to avoid denaturation of the proteins.

Significance to Biomedical Research and the Program of the
Institute: When these techniques are well established, they will
provide broad applications to biomedical fields.

Proposed Course: The future plan may be:

1. Establishment of each technique.

2. Exploration of other Interesting applications.

Honors and Awards: None

Publications: None

Ai3



Serial No. NHLI- 99
1. Laboratory of Technical Development
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Countercurrent Chromatography: Liquid-Liquid Partition
j

Chromatography without Solid Support

Previous Serial No.: NHLI-265, 266

Principal Investigator: Yoichiro Ito

Other Investigators: Robert L. Bowman and Frank W. Noble

Cooperating Units: None

Project Description:

Objectives: Development of a new technique for liquid- liquid

partition chromatography without a solid support.

Methods Employed: A new system called "the elution centrifuge"
consists of a high-speed centrifuge head that passes externally
introduced fluids through fine tubes without the use of rotating h

seals. It involves a horizontally placed cylindrical column holder
that revolves around the center of the apparatus while it counter-
rotates about its own axis at the same angular velocity to prevent
twisting the lead tubes. The column, made of a helical tube, retains
a segment of the stationary phase in each coll unit, while the mobile
phase is percolated through the segments of the stationary phase.

Consequently, a solute introduced into the column through the feed tube

is subjected to a multi-step partition process and finally eluted out
through the return tube.

A test system is constructed by modifying a conventional centrifuge.
The centrifuge head is newly designed as a rectangular aluminum box

(30 X 12.5 X 11.5 cm) with a center hole through the bottom plate to

fit the motor shaft. A vertical septum is placed on each side parallel

to and 10 cm from the short side plate. On the column side, a thrust

bearing and an ordinary ball bearing are embedded into the septum and
the short side plate respectively to hold the column holder horizontally.
A counter-weight made of an aluminum cylinder and equipped with an ^
adjusting screw at the periphery is mounted on the opposite side. The "

rotation of the holder is accomplished by applying a pair of toothed
pulleys of the same size, one fixed to the holder and the other to the

motor housing at the center of the apparatus. These pulleys are coupled
by a toothed belt that passes through a bottom plate hole in the centrifug«

head and over a pair of toothed idle pulleys mounted on the bottom plate

of the centrifuge head. The separation column is prepared from a

is
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Teflon tube, 0.2 mm I.D. and 60 m long, which is folded in two and

twisted together to make approximately 20,000 turns. The twisted pair

of the tube is subsequently wound around a cylindrical support
that fits tightly into the column holder. Both feed and return tubes
are passed through the center hold of the support and then led through
the stationary guide pipe vertically projected down from the center

of the top frame of the centrifuge.

The capability of the method is tested by separating nine
dinitrophenyl amino acids on a two-phase system composed of chloroform,
glacial acetic acid and 0.1 N HCl (2:2:1). The column is filled with
the stationary lower phase and 3 ^1 of sample solution, containing
each component at about 1%, is introduced through the feed tube. The
upper phase is then pumped with a syringe drive at a rate of 120 ^il/hr

while the apparatus is spun at 700 r.p.m. at room temperature. The
eluate is monitored by an LKB Uvicord II at 280 nm.

Major Findings: A simple mathematical analysis on the motion of

the separation column indicates that any arbitrary points except for

those located on the axis of rotation are subjected to a periodic
fluctuation of the centrifugal force in which stability of the field
is a function of radii of both revolution and rotation. The high
stability of the field can be obtained by placing the column at a

location remote from the center of the revolution with a small radius
of rotation. Perturbation of the column contents due to vibration
and/or fluctuation of the rotational speed can be minimized by using
a fine tube measuring less than 1 mm I.D.

With the test system, nine dinitrophenyl amino acids are eluted
within 54 hours at an efficiency ranging between 10,000 and 6,400
theoretical plates. The efficiency increases with tube length, number
of coil units and slower flow. The applicable revolutional speed is

of a relatively wide range, from 600 to 1000 r.p.m. Either fast flow
or low revolutional speed tends to decrease the amount of the stationary
phase held in the column while high revolutional speed produces an
excessive pressure in the column. The fact that the present method
yields the resolving power equivalent to that in helix countercurrent
chromatography previously described clearly indicates that the fluctua-
tion of the centrifugal force field has no appreciable effect on the

separation at least under the condition chosen in the present experiment.
However, the method uses neither a rotating syringe nor rotating seals
and therefore enables one to employ gradient or stepwise elution by
adopting the conventional elution system.
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Significance to Biomedical Research and the Program of the

Institute: The support free liquid- liquid partition technique is an

ideal method of separation since it eliminates the complications

arising from a solid support. When the method is refined to cover

both analytical and preparative use, it is expected to replace the

conventional liquid- liquid partition techniques now used in biomedical

research.

Proposed Course: The future plan may be:

1. Further improvement of the apparatus.

2. Application of the method to plymer phase system to separate

macromolecules and particulates.

3. Other application of the apparatus.

Honors and Awards: Invited to present paper in The Anniversary
Symposium on Chromatography in New York in August, 1972.

Publications: Ito, Y. , Bowman, R.L. , and Noble, F.W. The

elution centrifuge applied to countercurrent chromatography.
Anal. Biochem. In press.

<
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Serial No. NHLI-100
1. Laboratory of Technical Development

3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Countercurrent Chromatography: Liquid-Liquid

Partition Chromatography without Solid Support

(Part II)

Previous Serial Number: NHLI-265, 266

Principal Investigators: Robert E. Hurst and Yoichiro Ito

Other Investigators: None

Cooperating Units: Department of Pathology, Walter Reed General

Hospital, Washington, D.C.

Project Description:

Objectives: Separation of catecholamine metabolites from urine

with countercurrent chromatography.

Methods Employed: The flow- through coil planet centrifuge

technique previously described (Serial Number NHLI-265) is applied to

separate VMA (vanillylmandelic acid) and HVA (homovanillic acid) from

urines of normal subjects and patient with neurosecretory tumors. The

two-phase system used in this study consists of ethyl acetate and 57,

NaCl, 10% CH3COOH (1:1) equilibrated at room temperature. The column,

prepared from an 0.85 mm I.D., 60 m long teflon tube coiled onto

5 mm diam. rods, is filled with the stationary upper phase and

1.0 ml of a urine sample containing NaCl (5X) and acetic acid (10%)

is introduced through the feed tube. The lower phase is then pumped

at a rate of 24 ml/hr while the apparatus is spun at 720 rpm with a

radius of 20.2 cm. The eluate is monitored through an LKB Uvicord II

at 280 nm and fractionated into a collector for further studies. The

fractions are analyzed by both GLC and TLC combined with colorimetric

assays.

Major Findings: The countercurrent chromatograras obtained from

the pure ample and urine samples show reproducible peaks of both VMA

and HVA. VMA elutes in two hours at an efficiency of 1000 theoretical

plates and HVA in seven hours at an efficiency of 500 theoretical plates.

The fractions containing these compounds were analyzed by both GLC

and TLC. The HVA is essentially completely separated from other

compounds. While the VMA is found with 3-8 unknown compounds, none

interfere with any of the colorimetric assays for VMA. Several abnormal

urines from patients with neurosecretory tumors were examined, and

each type showed a distinctive pattern of excretion of these compounds.
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Significance to Biomedical Research and the Program of the

Institute: The results of the experiments indicate that the technique

of countercurrent chromatography enables one to separate a minute

amount of substance directly from fresh body fluids that contain a

large quantity of numerous other conpounds. Thus, the method can be

applied in a field of clinical chemistry for separation of various

compounds of biomedical interest without complications arising from

solid supports.

Proposed Course:

1. Refinement of the apparatus: The present test system made

of a conventional centrifuge lacks speed control and temperature

regulation systems and shows an evidence of overloading the motor at a

high speed operation. In order to demonstrate fully the capability

of the system, it is necessary to construct a new apparatus with all

desirable features.

2. Separation of other compounds of biomedical interest from

crude mixture.

Honors and Awards: None

Publications: Hurst, R.K. , and Ito, Y. Separation of catecholamine

metabolites from urine with countercurrent chromatography. Clin. Chem.

In press.
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1. Laboratory of Technical Development
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Countercurrent Chromatography: Liquid-Liquid Partition
Chromatography without Solid Support (Part III)

Previous Serial Number: NHLI-265, 266

Principal Investigator: Yoichiro Ito

Other Investigator: Robert L. Bowman

Cooperating Units: None

Project Description:

Objectives: Development of the countercurrent chromatographic
system using the flow-through coil planet centrifuge.

Methods Employed: The following factors are considered in this
technique:

1. Column: material, length, internal diameter, core size.

2. Two-phase system: Density difference of the two phases,
viscosity, interfacial tension, wall surface affinity, tendency of

emulsification, choice of the mobile phase.

3. Centrifugal conditions: revolutlonal speed and radius,
temperature.

4. Flow rate: Linear flow rate, pulsation.

5. Samples concentration, volume, diluent, molecular weight and
shape.

In the current studies, the efforts are made to demonstrate the
applicability and the partitioning efficiency of various two-phase
systems in relation to column I.D. , and centrifugal conditions (rpm
and radius). The investigations are scheduled in the following two

steps:

I. Determination of the two-phase volume ratio within the running
column: Seven two-phase systems, having a variety of interfacial
tension, density difference, and viscosity, are chosen in this study.

A set of short Teflon columns, measuring 1.2, 0.85, 0.55, and 0.38 mm
I.D. , is prepared. In each experiment, the column is filled with the
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stitionary phase and the mobile phase Is Introduced at a constant
linear flow rate of 2 cm/sec, while the column Is spun until the mobile
phase begins to elute from the column. The percentage of the lower

phase volume occupying the column space Is calculated from the column
capacity, dead space, and eluted stationary phase volume and is plotted
against the applied revolutlonal speed in rpm to obtain a phase volume
ratio diagram.

II. Estimation of the partitioning efficiency of solutes in

relation to the separation time: The second step is to find the best
partitioning conditions among the applicable regions shown by the

diagrams obtained in the step I. Using a two-phase system composed

of normal BuOH and 1% dlchloroacetic acid aqueous solution (1:1),

various ranges of rpm (400, 500, 600, 700, all at a revolutlonal radius

of 30.7 cm) and flow rate (6, 12, 24, 60 ml/hr) are applied to estimate

the partitioning efficiency of dipeptldes containing a tyrosine moiety.

A long column, 0.55 mm I.D. and 70 m long, is used In this study.

Major Findings: From the phase volume ratio diagram, suitable
conditions can easily be found in the regions where the stationary
phase occupies over 30% of the column space without a sharp change of

the ratio at vicinity. The results indicate that phase systems with a

combination of low Interfacial tension and small density difference
show a tendency of emulslfIcation in a relatively large bore column
whereas those with a high Interfacial tension tend to form a plug flow

in a small bore column. However, it may be concluded that most of the

two- phase systems commonly used for the countercurrent distribution

method are applicable with a few exceptions in which a slight modifi-

cation of the phase composition is necessary.

Estimation of the partition efficiency has revealed that the

highest column efficiency (for a solute having the partition coefficient
close to 1.0) is found at a flow rate of 6 or 12 ml/hr at 500 rpm. The

higher flow rate of 24 or 60 ml/hr shifts the optimal rpm to 700

(maximum applied with the test system) and lowers the column efficiency
to some extent, but lessens the transfer time or time/efficiency.
These results indicate that the shortest transfer time will be obtained

by further Increasing the revolutlonal speed at a high flow rate until

the high column pressure limits the application.

Significance to Biomedical Research and the Program of the

Institute: Since countercurrent chromatography is a new method to

provide useful applications in biomedical fields, development of the

technique Is of a great Importance.

^ffi



Serial No. NHLI-101

Proposed Course: The future plan may be:

1. Investigation of other factors involved In the method.

2. Refinement of the apparatus.

3. Application of the technique to separate various compounds
of biomedical interest.

Honors and Awards: Invited to give paper in The Gorden Research
Conference in New Hampshire in August, 1972.

Publications: Ito, Y. , and Bowman, R.L. Recent development in

countercurrent chromatography. Invited paper for The Anniversary
Symposium on Chromatography held in August, 1972 and scheduled for
publication in J. Chromat. Scl. , February, 1973.

Af/



Serial No. NHLI-102
1 . Laboratory ot Technical Development
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: An Automated Method for Rapid Bacterial and Mammalian
Cell Growth and Assay

Previous Serial No.: NHLI-270

Principal Investigator: Robert L. Bovnnan

Other Investigators: Peter Carmeci
Gerald G. Vurek
Nelson Braslow

Cooperating Units: Clinical Chemistry Laboratory
Department of Laboratory Medicine
University of Minnesota Hospital
Dr. Philip Blume

Laboratory of Infectious Diseases, NIAID
Dr. Helmut Brunner

Medicine Branch, NCI
Dr. Joan Bull, Dr. Larry Abrams

Molecular Diseases Branch, NHLI
Dr. V. Mangenello

American Instrument Company, providing test

prototype for manufacturing.

Project Description:

Objectives: The objectives of this project are to adapt this

instrument to various requirements of biomedical research by cooperating
with potential users of the method to develop the techniques and
methods necessary to facilitate the utilization of the capillary tube
scanner for clinical and research application. At the present time
efforts have been expended in the following five areas of endeavor.

A. Developing methods and techniques for automating antibiotic
sensitivity tests.

B. Developing methods of pulse height discrimination for

(1) segregating types of bacterial colonies during incubation, and

(2) studying the effects of growth factors and environment on
mamallian cells.
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C. Developing methods for early detection of mycoplasma

(pneumonia)

.

D. Developing methods for detecting the adhesive qualities of

hepatoma and other cells.

E. Developing methods for assaying bone marrow stem cells,

A. The efforts to date have been oriented towards developing

an inexpensive and readily automated method for performing antibiotic

sensitivity tests using the Colony Counter system developed here.

The approach has been to replace the capillary tubes with a single

plastic plate containing 14 channels that will accept a mixture of

agar and organisms. Each channel of the plate contains a strip of

antibiotic Impregnated filter paper. This paper is bonded to the side

of the channel so that the light path is not obstructed. The entire

plate is covered with an adhesive backed mylar film. The entire plate

can readily be prepared and stored prior to Injection of an agar-

bacterla solution. To date plate design has been finalized and a

prototype mold fabricated. A run of 500 plates has been made and

these are being used for clinical tests by Dr. Blume at the University

of Minnesota Hospital. Subsequent work will be aimed at fabricating

a final mold and further automating present methods.

B. A bread-board model pulse height discriminator has been built

and the growth of stem, myeloma, and hepatoma cells has been demonstrated.

In addition, it has been found that a measurement of total growth of

all viable colonies in a capillary; i.e., the integration of light

scattered pulses, provides another distinctive and sensitive parameter

for growth analysis. Both of these parameters, total growth and pulse

height discrimination, have been designed and fabricated in a new unit

that is presently undergoing test. Subsequent work will be to character-

ize the growth of myeloma, hepatoma, and stem cells under specific

environmental conditions.

C. Previous indications have shown that mycoplasma can be detected

by scattered light within 48 hours (compared to 10-day incubation

period normally required). Growth in agar within capillaries has not

been conducive to growth. Growth in broth has been successful but not

optimal. A new technique has shown much more optimal growth. This

consists of growing the mycoplasma in a thin film of agar on a plate

in a number of thin lines that are optically aligned to the capillary

scanner. Further testing of this technique is under way.

D. The adhesiveness of cells to glass is related to the character-

istics of the cell surface or membrane. This adhesiveness has been

used as a measure for alterations of this surface by gluco-cortecoids

and other substances. The capillary tube and the detection of scattered

light provides a relatively easy means for assaying the property of

cell adhesiveness. Preliminary work has shown that hepatoma cells
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grown in media within a capillary tube adhere to the glass and can
be readily counted. The capillary also provides a means for washing
out the media on non-adhered cells and monitoring the growth of
adhered cells. Further investigation and the development of techniques
for filling and washing these cells is under way.

E. The assaying of viable bone marrow stem cells normally
requires 10 days. It has been demonstrated that stem cell growth can
be detected and assayed within 3 days using capillary tubes and the
scanner. Present efforts have been towards correlating data from the
scanner with present methods of assay, developing filling and culturing
techniques, and determining the effects of pH, type of media, temperature
and oxygen upon the growth of the cells in a capillary environment.
Pulse height analysis should give further insight into the growth
characteristics of bone marrow stem cells.

Significance to Biomedical Research and the Program of the
Institute: The utilization of capillary tube scanning techniques in
bacteriology and mammalian cell cultures provides (a) means of detection
very early in the growth of colonies, and (b) methods that are
readily adaptable to automation and require extremely small samples.
The application to the study of cell matabolism, metabolic defects,
oncology, and clinical cell sample assay is anticipated. .

Proposed Course:

A. Continued application to fully automate the antibiotic
sensitivity testing procedures by cooperating with Dr. Blume.

B. Develop hardware for pulse height analysis and investigate
its utilization for segregation of two or more organisms by their
growth rates, and characterize cell growth under varying conditions.

C. Develop techniques to apply capillary scanning for detecting
and measuring mycoplasma (pneumonia), in cooperation with Dr. Brunner,
NIAID.

D. Investigate the potentials of the instrument for determining
cell adhesiveness.

E. Optimize this technique for bone marrow stem cell assay.

Honors and Awards: None

Publications: Braslow, N.M. , and Bowman, R.L. Capillary tube
scanning applied to cell growth kinetics. Science 175, 1436, 1972.
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PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Development of Methods for Investigating the Mechanism

of Hemoglobin reactions as well as the Reactions of

Enzymes Essential in Cardiology, Pulmonary and Respiratory

Function, and Circulation, in Vitro, in Vivo, and as

Modified by Disease, Particularly Genetic, such as

Sickle Cell Anemia.

Previous Serial No.: NHLI-272

Principal Investigator: Robert L. Berger

Other Investigators: G. A. Armstrong, L. Carpenter, N. Davids, J. Everse,

L. Forlani, W. F. Friauf, S. Geier, R. Goldberg,

N. 0. Kaplan, M. Marini, J. McCray, E. Prosan,

L. Rossi-Bernardi, F.J.W. Roughton, P. Smith,

B. Stabler

Cooperating Units: BEI-DRS; Institute of Chemical Biology, University

of Milan; Institute of Molecular Biology, University

of Rome; School of Medicine, Northwestern University;

Department of Chemistry, University of California

at San Diego; Jet Propulsion Laboratory; American

Instrument Company; Department of Engineering

Mechanics, Penn State University; Thermochemistry

Section, Physical Chemistry Division, IMS, NBS;

The Johnson Foundation for Medical Physics, Depart-

ment of Biophysics and Biophysical Chemistry, School

of Medicine, University of Pennsylvania

Project Description:

Objectives: The objectives of this project are to develop new instru-

mentation methods, data handling techniques and theoretical treatments

for the physiochemical study of the thermodynamics, kinetics and thus the

mechanisms of enzyme action in solutions and in the intact cell or cell

membrane. In particular, to study, in collaboration with other laboratories,

the reactions of hemoglobin with the respiratory gases both in the normal

state and as modified by the changes of physical factors, small molecules,

various metabolites, and genetically, such as in sickle cell anemia. The

reactions of various cellular enzymes, particularly ATPase and Lactate

Dehydrogenase, and their interactions, and control, in the cell are

studied as they relate to the hemoglobin reactions in cardiology, pulmonary

and respiratory function, and circulation. Where appropriate application

is indicated, clinical analytical methods are developed using these

techniques.
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Methods Employed: The methods used In the investigation of the
mechanisms of enzyme action are those of pre-steady state chemical
kinetics and thermodynamics. Measurements of the appropriate parameters
are made by building the necessary equipment to mix solutions rapidly
and follow the course of the resulting chemical reactions by optical,
thermal, glass electrode, etc., detectors. In general, equipment is

not available, either in the literature or commercially, for investiga-
tions in this area. Such apparatus is conceived and designed in this
laboratory, together with consultants, construction being carried out
wherever most appropriate; i.e., in our shops or by commercial firms,
special university facilities, or at the several special research labora-

tories such as the Jet Propulsion Laboratory. A special effort is then
made to produce commercial versions of the equipment available to the
public. In pursuing these investigations, a wide variety of physical
parameters must be studied, which leads to the need for an understanding
of the underlying physical theory governing the reactions. Expert
consultants and collaborators are brought in to assist in the design,
analysis, and evaluation of the equipment, particularly as it applies
to certain specific enzyme systems under investigation.

Major Findings:
A. Stopped-Flow Rapid Reaction Apparatus

1. The high-speed flow system developed in this laboratory and
manufactured by Aminco has been in operation for nearly six months during
the past year. Three units under the supervision of this laboratory are a

presently operating, one at UCSD and two at the Johnson Foundation, '^

University of Pennsylvania. Severe material damage was caused by the

EGTA used in some reactions. Thus all metals in contact with solution
leakage are being replaced by stainless steel. All syrings units have
been chrome-plated and ground. The units at the Johnson Foundation are

being utilized in the study of the reactions of hemoglobins with CO and O2.

In addition to the stopped-flow data, which will be dealt with in detail
later, a high- intensity liquid dye laser constructed at the Johnson
Foundation has been operated at 3 joules 20 nanosecond pulse at 580 nm.

Seventy percent photolysis has been achieved with oxyhemoglobin in both
stationary and stopped-flow mode. All timing and firing circuits have

been completed and the system is operational.

2. A single thermal stopped-flow apparatus has been put together
using a new thermistor probe developed by Thermonetics, Inc., Edison, N,J.,

for us. Response time of the first unit (10 - 90%) was 70 milliseconds.
A second type appears to be some three times faster, but is still being
tested. A new D.C. bridge was built, which permitted a sensitivity of i

50 microdegrees at a 1-millisecond amplifier time constant, 5 microdegrees '

at 0.1 second. The 100 K ohm resistance, however, of the thermistors
increased the outside pickup. An S.C. bridge is under development to

correct this.

3. Thin-film sensors are being studied together with an appropriate
bridge.
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B. A thermal titration system developed in this laboratory is

undergoing extensive testing on hemoglobin at the Dept. of Biochemistry,
School of Medicine, Northwestern University. Data analysis is presently
in progress with the cooperation of the Thermochemistry Section, NBS.
In addition, six production units manufactured by Aminco are undergoing
field tests. Application to many systems is being studied Including
antigen-antibody reactions. A new differential cell system is currently
being developed in the laboratory that will employ the new thermistors
and bridges together with an improved thermostatlng system.

C. A new thermostatted aneroblc cell for potentlometric titration
has been constructed and is performing well on hemoglobin titrations.
An automated titration system is under development to be Incorporated
into the thermal titration system.

D. The stopped-flow micro-calorimeter has been completed and
extensively tested both in California and presently at the National
Bureau of Standards. A full Technical Note will be published by NBS
concerning Its construction and testing. Its application to clinical
chemistry is detailed in the report of project on Development of Stopped-
Flow Micro-Calorimetry for the Study of Biochemical and Cellular
Reactions Application to Clinical Biochemistry. The electrical cali-
brations show an instrument constant of 16.8 watts/volt with a smallest
detectable signal of 50 nanovolts. Chemical calibrations indicate an

11% reduction in sensitivity that we believe is due to a slow heat loss
occurring in the mixer. Computer simulation studies also confirm this
observation. Some very simple changes will be tried to correct this
situation. The time constant of the Instrument Is 42 seconds. Excellent
results, +0.2% error between runs, have been obtained using 150 /il of
each reagent. Adequate equilibration of reagents is achieved In 30 mln.

The above calorimeter is proving to be an excellent research
Instrument, but due to the difficulty in manufacturing the thermopiles,
alternate approaches have been sought. A unit produced by Thermonetrics

,

Inc., of San Diego, California, has been purchased and tested. The
characteristics of this unit were an Instrument constant of 14.8 watts/volt
electrically but a rather worse constant chemically due to the mixer's
not being located in the thermopile well. Changes are now underway to
correct this. The cost of this unit is about one-fifth that of the Aminco
calorimeter. An even more promising idea is the driven Peltier system
discussed under the project on Peltier- Seebeck Equlllbrator. Initial
electrical calibrations Indicate at least a three-fold Improvement in
sensitivity and a response time of 5 seconds. Equilibration of reagents
can be achieved in 30 seconds. Although this unit requires considerable
further testing, it already shows great promise.

E. The study of the reactions of hemoglobin with O2 and CO in the
absence or presence of a number of small molecules has been extensively
pursued during the past year. Exhaustive purification and characteriza-
tion of the protein has produced iso- ionic hemoglobin, which has a
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conductivity of 250,000 ohms or higher. Isohemoglobin has been
separated by conventional methods, either by chromatography or electro-

phoresis, and both thermometric and potentiometric titrations made. The

latter studies are being expanded at Northwestern University to include

oxy- and deoxyhemoglobin in the presence or absence of the same various

small molecules and in the kinetics experiments. These molecules include

KCl, Phosphate, 2-3 DPG, CO2 , KHCO3, and Bis-Tris. Mathematical curve-

fitting has provided the forward rate constant shown in Table I. These

numbers, however, are apt to change as the model is refined and fitted

to other data. This is probably a fair model at present. Due to the

high oxygen concentration that can be used with the high-speed flow

system, the back reaction can be neglected over the first 70% of the

curve. Table I lists preliminary constants under varying conditions.

The two most important points are (1) the effect of almost everything

on slowing the reaction from its rate in w^ter indicating a general

ionic strength effect plus the specific effect of phosphate and CX)2

;

(2) the absence of a pH effect on the forward rate constant in Bis-Tris.

Clearly this point will require further research.

The laser flash photolysis experiments conducted by McCray at the

Johnson Foundation both in an open cuvette and in the stopped- flow

machine suggest that the last reaction is much faster than the first

three, indicating that essentially two molecules got on at the end.

He obtained an "on" constant of about 100 sec"^ suggesting that the

"off", reaction must be taken into account over the last 40% of the curve.
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TABLE I

Solution

Hemoglobin A + H2O

0.1 M Phosphate

II

0.02 M Bis-Trls

1 M 2-3 DPG

2 M 2-3 DPG

1 M 2-3 DPG + 0.3 M KCl

20 mM KHCO3/CO2 (40 mM of Hg)

1 M 2-3 DPG, 0.3 M KCl, KHCO3,
0.1 M Phosphate, CO2

£H

7.2

7.0

7.4

7.2

7.4

7.5

7.6

7.2

7.26

7.26

7.5

7.4

Forward Rate
Constant
106 L/M sec

21.7

4.65

5.03

7.29

7,25

7.26

7.5

5.08

5.44

5.19

5.97

6.57

Significance to Biomedical Research and the Program of the Institute:

An understanding of the basic mechanism of disease Is a prerequisite to

prevention or cure. The Investigation of the reaction of the respiratory
gases with the hemoglobin, the red cell, and cytochrome oxidase
In heart muscle cells Is fundamental to an understanding of normal

cell respiration and particularly to what has gone wrong as In the case

of sickle cell anemia, mycardlal Infarcatlon, etc. It Is hoped that this

research will lead to a clarification of the ways In which, for example,
sickle cell anemia can be managed by, say, the use of cynate, which we
know binds to the charged terminal *(.-amlno groups of the hemoglobin
molecule. The extension of such investigation to other disease systems
and possible results seem abundantly clear in terms of preventive
medicine and improvement in health care.
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Proposed Course: The high-speed flow system will continually
be upgraded and extensively tested both as a stopped- flow unit and combined
with the liquid dye laser. The hemoglobin experiments will be expanded
to a more comprehensive pH and temperature range as well as to mutant
hemoglobins such as HbS, Seattle and Bethesda. All of these show
widespread and physiologically important variations in their dissociation

'

curves, which almost assuredly can be elucidated by an understanding of

the "on" and "off" reactions coupled with the Bohr effect.

Extensive tests are also planned for the new thermistor stopped- flow
apparatus together with a new variable ratio stopped-flow system that will

permit an enzyme concentration to be held constant while substrate is

varied in order that V^gx ^"*^ Michaelis constants can be very rapidly
determined.

A differential thermal titration cell will be constructed for the

purpose of eventually including the automated pH titration system also
under development.

The new driven Peletier calorimeter will be developed and tested

for use in clinical biochemistry reactions. The computer simulation
and data-handling problems will be extended to improve the effectiveness
and simplicity of the instrument. In particular, the interface between
the instrument and the PDF- 10 Computer Modeling Laboratory will be j

expanded to achieve reasonably fast turnaround time.

Honors and Awards:

1. Organizing Chairman of the Biology and Medicine Section,

5th International Symposium on Temperature, Its Measurement and Control

in Science and Industry. Sponsored by American Institutes of Physics,

Instrument Society of America, and the National Bureau of Standards.
2. Member of the Advisory Board "Kinetic Center", Johnson Foundation

for Medical Physics, Dept. of Biophysics and Biophysical Chemistry,
School of Medicine, University of Pennsylvania.

3. Consultant, Biotechnology Branch, Division of Research Resources.
A. Guest Worker and Consultant to Thermochemistry Section, Physical

Chemistry Division, Inst, of Material Sciences, National Bureau of
Standards.

Publications: None
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1. Laboratory of Technical Development
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Development of Stopped-Flow Micro-Calorimetry for the

Study of Biochemical and Cellular Reactions
Application to Clinical Biochemistry

Previous Serial No.: NHLI-273

Principal Investigator: Robert L. Berger

Other Investigators: G. A. Armstrong, N. Davids, R. Goldberg, N. Goochman,

H. Krebs, M. Marini, E. Prosan, B. Stabler,

D. Young, NBS Personnel

Cooperating Units: Clinical Chemistry, NIH; Research Instrument Shop,

School of Medicine, University of California at

San Diego; Department of Biochemistry, School of

Medicine, Northwestern University; Department of

Engineering Mechanics, Penn State University;
Thermochemistry Section, Physical Chemistry Division,

Inst, of Material Sciences, NBS; Oxford Infirmary

Project Description:

Objectives: Virtually all chemical reactions produce heat and

calorimetry has long been used to investigate them. For biological use,

however, high sensitivity, small volumes of reactants, and short

equilibration times are needed. It is the objective of this project

to develop such an Instrument for use in the time range of a few

seconds to 1 or 2 hours.

Methods Employed; Initial designs are constructed in this laboratory
with special assistance from commercial firms in the construction of

sensors; contracts are let, where warranted, for the development of a

completed instrument with refinements that would tax our own facilities.

The instrument is then tested in conjunction with other interested

biochemical calorlmetrlstsutlllzlng appropriate enzymatic and cellular
reactions.

Major Findings: The stopped-flow calorimeter has been tested

electrically and chemically as discussed under project on Development
of Methods for Investigating the Mechanism of Hemoglobin Reactions.

Several applications to clinical chemistry and amino acids have been
investigated, both while the instrument was in California and at the

National Bureau of Standards. A contract between NBS and the Automated

Clinical Chemistry Section, NIQIS, is under negotiation, having gone

through study section and site visit.
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The rcaeeien ifiudltd i» £haE e£ glueeie btlng miiis§4 le glyesnle
aeid by £ha eniymei glueeis oxidait.

<l) Olueoit (aq) + O2 <aq) + H2O (Uq) ^fffj}

Gluconic Acid (aq) + H2O2 (•q)

(2) H2O2 (aq) ^"'^^^""l H2O (liq) + H2O2 (aq)

The catalase appears as an Impurity in the oxidase but additional
amounts have been added as well. Details are given in the forthcoming
NBS Report 10841, May 1, 1972 "Calorimetric Assay of Glucose in Serum".
In essence, the reactants are mixed in the calorimeter and heat is
evolved over four to five minutes. This reaction yields a total of

approximately 71 Kcal/mole theoretically. Due to the O2 limitation in
solution, normal serum glucose must be diluted roughly 20 to 1. With
the present instrument, reacting 150 pi of each reagent, the reaction
above should give 11 mlllicalories. Thus with a sensitivity of +2
microcalorles, the Instrument can detect 2 micrograms X glucose. While
various mixer, equilibration, and handling technique problems still
exist, the results shovn in Table I indicate that the method is clearly
applicable to serum san^les.

Another application is to general chemical analysis. At the request i

of Hans Krebs, two amino acids were analyzed using the appropriate
decarboxylase. The L-Glutamlc system will indicate the method. Details
are contained in the NBS report mentioned above.

L- Glutamic Acid
L-Glutamic Acid (aq) ^ -aminobutyric acid (aq) + CO, (aq)

Decarboxylase ^

Figure 2 of the report referred to shows the curve obtained for L- Glutamic
acid giving 4.93 Kcal/mole while Figure 3 shows the values obtained
for L- lysine giving a A H of 2.9 Kcal/mole, This indicates a detectabillty
of 1/3 n in 150 microliters for the first and 1/2 n for the L- lysine.
The further application to antigen-antibody reactions, steroids, etc.,
awaits only time, money, personnel, and the ingenuity to discover and
purify the appropriate chemistry to simulate the enzyme.

The enzyme (or protein) is vital to the method since the very ubi-
quitous nature of heat requires that a high specificity be incorporated (

in the chemistry; thus the enzyme.

Significance to Biomedical Research and the Program of the Institute:
The use of these methods as an analytical tool for clinical chemistry
shows considerable promise as a means of Improving the accuracy,
precision, and thruput of clinical tests. In addition, it makes possible

(
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the use of many new tests for enzyme or substrate tests, antigen-antibody
reactions, coagulation tests, etc., which are not now able to be done
due either to the lack of a suitable detection method or to the fact
that the present tests are long, have high variability, and are therefore
not used.

Perhaps of more importance from the long-range significance of this
project is the possibilities that the calorimeter offers for the study of
many biochemical reactions which cannot now be investigated due to a

lack of a suitable detector of the reaction. An example of current
interest is the many steps preceeding final coagulation that occurs
in the forming of a thrombus.

Proposed Course: The direct application of these methods is

projected by a variety of individuals requesting grant support. Two
projects, one using our calorimeter (NBS) and one employing our thermal
titration apparatus (Marini) are pending funding by the Automated
Clinical Chemistry Section, NIGMS. Our own interests will be directed
toward instrument development as outlined under the project on the
development of methods for investigating the mechanism of hemoglobin
reactions. In addition, we will serve as consultants to both the NBS
personnel and the Northwestern Group (Marini). This will involve
assisting in biochemical systems analysis and instrumental problems.
The problems of references, serum samples, etc., will be handled by
Young and Goochman, NIH, Clinical Center, Clinical Chemistry Section.
Cooperation with several industrial firms desiring to become active in
the area will also be provided (American Instrument Company, Division of
Travenol and Laboratory; Instrumentation Laboratories and Thermometries,
Inc

.

Honors and Awards: None

Publications: None
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1. Laboratory of Technical Development
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Discrete Cell Temperature Measurement Study

Previous Serial No. : None

Principal Investigator: E. Ronald Atkinson

Other Investigator: Robert L. Bowman

Cooperating Units: None
,

Project Description:

Objectives: Cellular metabolic processes produce heat. The heat

produces results in a temperature gradient about living cells. The

objectives of this project are (a) to determine a method of measuring
this temperature gradient about discrete cells in vitro, (b) to provide
a rapid method of measurement, and (c) to provide a non-destructive
method of measurement.

Methods Employed:
(a) Analysis: The analytical portion of the project consists of

simple modeling of the thermal cell-ambient situation. Adjustable
parameters are experimentally evaluated. On the basis of the model,

the instrumental requirements for thermal and spatial resolution are

established. Alternative physical effects are considered for

exploitation and a preliminary selection made.

(b) Materials Selection: Materials having the requisite
properties are configured and tested in a manner similar to their
actual use in cell temperature determination. Measurements of living

cells are made.

(c) Instrumental Design: The most promising approach is subjected
to design optimization. A prototype instrument is fabricated and

evaluated. Performance limits and problem areas are defined for this

class of instrument.

Major Findings:

(1) MEDLARS and Smithsonian SIE literature searches Indicated
that no discrete cell ten^erature measurements have yet been made.

A number of micro-calorimetric studies of large aggregates of cells

were found. These studies indicate thermal outputs on the order of
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7 -810"' to 10" watts/cell in actively metabolizing mammalian and bacterial
cells of 10 to 100 micrometer diameter.

(2) A simple thermal model of cells immersed in a conductive medium
was constructed. The model was reduced to a flexible FORTRAN IV program

with adjustable boundary conditions and thermal parameters. Preliminary
calculations indicate that cellular thermal gradients on the order of
10"^ degrees C. in one or two cell diameters should be easily established

in vitro.

(3) Various physical effects have been considered for exploitation
as a cellular thermometer. Direct thermal radiation detection appears
promising. Existing infra-red microscopes fall far short of adequate thermal

resolution with ca. 0.1°C. A trade of f ield-of-view and bandwidth for

thermal resolution is possible and being considered. A variety of linear

thermal effects in thin films are available. Those effects considered

have been limited to those associated with some sort of optical read-out

in order to provide the necessary spatial resolution. In this category
are the thermal variation of optical rotatory dispersion in liquid crystal

thin films. The temperature dependence of magnetic "bubble" domain size in

ferromagnetic crystal films is another linear effect under consideration.

There are a number of non-linear thermal effects requiring little

or no latent heat. The second order curie point transition between
ferro- and para-electric states lends itself well to optical read-out.

While no known single material has a curie point at biological temperatures,

there exists several families of non-stoichiometric solids with compositions
providing curie points at 37°C. Strontium-Barium-Niobate (SBN) is such a

material as is glycine-sulfate- selenate. SBN has been examined and found to

have all of the desired properties but has not yet been prepared tn the

uniform thin films required for this application.

Significance to Biomedical Research and the Program of the Institute:

Cell temperature measurement is fundamental to metabolic, ontologic, and

pathologic cytological investigations.

Proposed Course: It is proposed to continue the material investigation
to establish performance bounds and develop configurations suitable for cell

temperature measurement. An instrument incorporating one or more selected

materials will be designed, fabricated, and evaluated with a variety of

cell cultures.

Honors and Awards; None

Publications: None
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I , hsbmetmy e£ feehRlesl: 8@vel§pm@nl I

3. B@lhi§das Mst^land 20014

fH§»NIH
Individual ff§j§g| Rtpsfl

July L, lin lhF@ueh Junt 30, 1171

ffijeifi fill:@{ iUed fliw Hea§uf@ffliRl U§lng Muelear mgnetU i

Ri8efiane@ feehnlquta

Ff§vieug Serial Number; NHLI-271

fflflgipal Inv6!EiEiia60rs: Vsevelod Kudfavcev, Robert L. BoWman

Other IflVe^tlga^orSi Anthony Sances, Jr.

Joseph H. Battocletti

Cooperating Units: Medical College of Wiaconsin
Milwaukee, Wisconsin, on contract to LTD

Project Description:

Objectives: To investigate the potentials of nuclear magnetic
resonance methods for measuring blood flow and tissue perfusion. In

particular, to develop a method of using nuclear magnetic phenomenae to

trace blood flow entirely non-lnvaslvely to measure relative blood flow

through specific regions of the cerebral circulation and evaluate its

applicability to the study of cerebral vascular disease.

Progress: The work has been divided between this laboratory and

a group, under contract to this laboratory, at Medical College of

Wisconsin directed by A. Sances, whose mission is to do animal applica-

tion studies.

In this laboratory, we have demonstrated that we can produce a

change in the nuclear magnetic susceptabillty of the protons in blood
that can be detected downstream in excess of 20 seconds, after which
the marker decays below detection limits so that recirculated blood

would bear no evidence of the marker. This magnetism is therefore an

evanescent marker that lasts long enough for tracing the circulation

through an organ or the head but does not accumulate.

The sensitivity of the detection system has been shown to be

capable of detecting the volumes required for the cerebral circulation.

A method of erasing the marker allows a specific volume of any organ to

be exposed to the erasing field by projecting electromagnetic fields

that can influence a volume inside the skull without Influencing the

skin and bone of the head. This unique advantage has been shown to be

feasible In model experiments but application to in vivo systems requires

that we work at low field and frequency to minimize interference from

background tissue protons.
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A new NMR exciter, and a highly sensitive broad-band NMR receiver,

were designed and constructed. The time-sharing scheme NMR sensor works

interchangeably as an NMR exciter part of the time, and a receiver in

the last part of the cycle, receiving free NMR induction. This method
allows for the use of a single coil sensor instead of the conventional
two-coil sensor. A two-cross coil sensor is used successfully at present

to measure blood flow in limbs. However, because of its specific

geometric configuration, this kind of sensor is very difficult to use

for cerebral circulation measurement.

So far, the time-sharing scheme capability was checked in a

strong magnetic field, which is not suitable for biological measurement

for reasons of residual NMR interference from tissues and the arterial
wall. This test of the time- sharing scheme shows many advantages in

comparison with the conventional one coil NMR detection system based on
the Robinson, Pound, etc. marginal or oscillating detector circuits.

Therefore, we will use this time- sharing technique for cerebral blood

flow measurement if the present investigation in a weak field give

satisfactory results.

Major Findings: Using a high sensitivity detection system and a

proper amount of liquid prepolarization, it was found that most protons
in the flowing liquid lose polarization and the marker produced by

depolarization with a time constant several times greater than the

natural relaxation time. For example, in flowing liquid having a

natural relaxation time of one second, the presence of polarization or

depolarization was detected after 15, and in some cases, after 24 seconds,

The phenomenon producing this remarkable result is under investigation
at the present time.

During the past year, an investigation of ultrasonic irradiation
was performed on NMR response from flowing liquid. It was assumed

that acceleration by ultra sound may produce side band generation that

can be used for marking local points of this response. However, due

to limited resolution of all magnetic field sources, side bands were
not detected.

In the contract- supported research program, the phenomenon of

"self- tagging" for pulsatile flow, such as arterial blood flow, has

been studied. A normal parabolic velocity profile, a flow contour that

closely approximates the in vivo flow pulse, and a summation of magneti-
zation over the entire length of a typical receiver coil were used in

the analysis. The results of theoretical computation closely approxi-
mates in vitro data from a 1.6 mm I.D. rigid tube with respect to the

shape of the NMR signal and to the proportionality of the NMR signal

amplitude to flow rate.
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Theoretical Investigatlone on the measurement of flow via the
transport of a tracer (magnetlBatlon In the NMR flowmeter) are necessary
to determine the effects of transport phenomena on the character of the

NHR signal. To relate the NMR signal to the blood flow rate, the
effects of the following transport phenomena are being considered:
velocity! profile) convectlve transport processest self-diffusion of ,

the tracer, Inter-channel mixing In organs* pathways of unequal length, {

branching of vessels, etc.

To test the capability of the system to measure flow In a limb,
a 10-cm I.D. cylindrical NMR detector was fabricated. Evaluation of

this detector showed that an earlier design that employs a modulating
magnetic field in a side-band detection system is more efficient. In

the latest Badger Meter Magnetic Resonance Flowmeter (MRF-2), transmitter
leakage to the receiver coil is minimized by geometric manipulation.
However, in the large 10-cm I.D. detector, transmitter leakage is more
difficult to mlnimlEe by this method. Therefore, a 10-cm I.D. NMR
detector was constructed for operation with the electronics from the

first Badger Meter Magnetic Resonance Flowmeter (MRF-1).

Good NMR signals have been obtained in the tag-detect mode of
operation for flow in a 3-mm I.D. tube. Additional modifications are
being made to further optimize the system for human limb measurements.

Permanent magnets (Indox V) for the magnetlzer section of this i

NMR Flowmeter will be installed. A high- permeability magnetic shield
for the detector section has been ordered to minimize the effect on
the detector D-C magnetic field of fringe fields of the magnetlzer.

In vitro tests of the life-time of tag of the proton in water and

in blood were made in two separate modes of operation. In the first
mode, a steady 10,000 gauss magnetlzer, with a tag-detect scheme was used.

To augment the transport time, the distance between the magnetlzer
and detector was gradually increased. This was done until the tag feed-

through signal (a spurious unwanted signal) was approximately the same
magnitude as the flow signal. In the second mode, a pulsed 10,000
gauss magnetlzer was used. The passage of the magnetized bolus of
fluid was detected as a change in the magnetization at the detector;

alternatively, a tag-detect mode was used to detect the passing magnetized
bolus. The latest Badger Meter Magnetic Resonance Flowmeter was used.

For both modes of operation, an NMR signal could be detected for a i

transport time between magnetlzer and detector of approximately 4 to 5

time constants (T^).

t
3oi



Serial No. NHLI-106

In a collaborative program with Dr. Harold Itskovitz, a perfused
isolated kidney set-up was used to study arterial and venous blood flow
through the dog kidney. The following blood flow measurement tests were
successful. The latest Badger Meter MRF-2 was used: (a) flow in the

renal artery with tag-detect or self- tag methods; (b) flow in the renal
vein using the tag-detect method; and (c) flow in the renal vein using
the tag-detect method with a magnetizer placed over the whole kidney
or with regional magnetization of the kidney cortex.

It has been demonstrated that the normal tag-detect method is more
sensitive than the self-tag method. We have shown experimentally that
the NMR signal amplitude under normal tag, is modulated in pulsatile flow.

This provides for the measurement of both the steady and varying
components of flow. The tag signal frequency must be several times

the pulsatile flow frequency for satisfactory signal resolution.

Analysis has been made to verify theoretically the in vitro signal

levels recorded with the 5-cm I.D. cylindrical system. Calculations
suggest that a larger unit can be built to measure peripheral flow with
approximately the same flow sensitivity as the 5-cm I.D. system.

Satisfactory agreement between theoretical and experimental NMR signal

amplitude was obtained.

In a number of applications of blood flow measurement, such as

cerebral blood flow, a single-coil (pancake- type) detector is preferred
to the crossed-coil detector used in the Badger Meter Magnetic Resonance
Flowmeter. Work has been started on single-coil NMR detectors that

appear to be practical for cerebral blood flow measurement.

An analysis has been made that indicates that the sensitivity of

a single-coil type NMR detector is sufficient to record NMR signals
from blood vessels deep within the tissue by means of a surface search
coil.

Significance to Biomedical Research and the Program of the
Institute: These non- invasive techniques hold promise to discover
those individuals who are at risk due to vascular disease predisposing
to stroke. If sufficient sensitivity and spatial discrimination can
be obtained, the method may be applicable to evaluate therapy by

measuring progression or improvement. The same technique or a modifica-
tion has potential for measuring myocardial blood flow with similar
limitations and potentials.

Proposed Course: Refinement of the electronic circuit for develop-
ment of an optimal detection system more suitable for cerebral blood
flow measurement; cooperation with Medical College of Wisconsin; search
for new methods for improvement of localization of NMR magnetic labels
introduced into the human and animal organism; test of new polarizing
megnet recently assembled. Due to this magnet's large surface area,
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all the blood In the chest of a human or medlum-slse animal may be

polarized bo that the preaence of thla polarization can be detected

at any point In the organism during the lifetime of the magnetization.

Honors and Awards: None

Publications: Battoclettl, J. H. , Llnehan. J. H. , Larson, S.J.

,

Sances, A., Jr., Bowman, R. L. , Kudravcev, V., Genthe, W.K. , Halbach,

R.E., Evans, S.J. Analysis of a nuclear magnetic resonance blood

flowmeter for pulaatlle flow. IEEE Trans. Blomed. Engrg . In press.
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1. Laboratory of Technical Development

PHS-NIH 3. Bethesda, Maryland 20014
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Calorimetric Measurement of Carbon Dioxide.

Prvious Serial Number: None

Principal Investigator: Gerald G. Vurek

Other Investigators: Theodor Kolobow

Cooperating Units: None

Project Description:

Objectives: The objective of this project is to explore the
feasibility of using the heat released when carbon dioxide reacts
with lithium hydroxide as a mechanism for rapid measurement of small
amounts of carbon dioxide. This technique offers a way to measure
manoliter amounts of carbon dioxide quickly and with a minimum of
equipment, thus offering an alternative to the use of mass spectrometers
or other expensive and bulky equipment.

Major Findings: Conventional thermochemical measurements indicate
that about one calorie (four joules) of heat is liberated for each
milliliter of carbon dioxide that reacts with lithium hydroxide to

form lithium bicarbonate. In order to convert this knowledge into
a useful tool for carbon dioxide measurement, we must develop a

sensitive and stable calorimeter and a suitable scheme for transporting
the carbon dioxide from the sampling site to the calorimeter. Our
current efforts have been directed toward the development of the
calorimeter for, without it, the concept is of little value.

Calorimetric measurement of CO2 has some potential advantages
over contemporary techniques, particularly if small quantities can be
measured. Infrared absorption techniques require tens of microliters
of gas. Mass spectrometry requires rather complicated and expensive
vacuum systems and electronics. Manometric techniques are labor
intensive and also require microliter amounts. The Severinghaus- type
electrode is slow because, although it may have a few microliters of
electrolyte that changes pH with changes in PCO2 » the high solubility
of CO2 in the electrolyte slows its response time. Gas chromatography
is not well suited to continuous analysis. To be competitive, the
calorimetric technique should be capable of measuring manoliters of

CO2 1 corresponding to a power sensitivity in the fractions of a

microwatt range. This is possible since others, such as Wadso, have
built calorimeters, albeit rather bulky, with 1 jiwatt stability.
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We have decided to use the Seebeck effect, the voltage generated

when the junctions of a circuit of two dissimilar semiconductors are

at different temperatures, to indicate heat produced by the bicarbonate

reaction. Using a "pile" of 48 junctions mounted in a small thermostat,

we have demonstrated long-term (overnight) stability on the order of

1 fivatt. Parenthetically, this device could detect the heat produced .

by about 20,000 group D strep, (spec.) organisms in the "log growth '

phase". Another project is concerned with this application of this

calorimeter scheme.

Preliminary tests with granules of lithium hydroxide held to the

surface of the thermopile with wax indicate that the calorimeter
responds linearly to CO2 flux from below 2.5 nl/sec to above 100 nl/sec.

We are currently evaluating a new design for a thermal isolator to

eliminate the effect of ambient changes on the temperature sensitive

elements. Results obtained to date indicate we will be able to

achieve adequate sensitivity and stability.

Significance to Biomedical Research and the Program of the

Institute: Measurement of carbon dioxide is important in many research

and clinical studies. The development of a simple and sensitive

measurement of carbon dioxide could make some kinds of measurement

easier, particularly measurements on micro samples. This apparatus

has the potential of being a replacement for a mass spectrometer as ,

the prime on-line monitoring tool for carbon dioxide monitoring during

long-term extracorporeal circulation procedures.

Publications: None

Awards: None
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1. Laboratory of Technical Development

PHS-NIH 3. Bethesda, Maryland 20014

Individual Project Report
July 1, 1971 through June 30, 1972

Project Title: Reflectance Oximeter for Continuous Saturation
Measurement of Blood Oxygen Saturation.

Previous Serial Number: NHLI-261

Principal Investigator: Gerald G. Vurek

Other Investigators: Theodor Kolobow, W. S. Friauf

Cooperating Units: Bio Engineering Instrumentation Branch, DRS

Project Description:

Objectives: Our objective has been to complete the development
and evaluation of a blood oxygen saturation monitor suitable for

long-terra use during extracorporeal circulation procedures. This
measurement provides information about the oxygen consumed by the

patient undergoing treatment with the oxygenator and also indicates
the performance of the oxygenator. Because the oximeter does not

interrupt the blood circuit or require samples, its use does not

increase the hazard of the extracorporeal circulation procedure.

Major Findings: This report covers the final phase of development
and testing of the oximeter described in the earlier report. The final

design utilizes solid state light sources, one emitting 905 nm radiation
and the other emitting 655 nm radiation. A special electronic circuit
computes the ratio of the signal transmitted through the blood at

905 nm to the signal at 655 nm. Oxygen saturation is directly
proportional to that ratio. Saturation can be measured within +2%
under any combination of the following conditions: flow velocity greater
than 4 cm/sec; hematocrit between 20% and 50%; pH between 7.20 and

7.50; cardiogreen dye concentration less than 2 mg/1; methemoglobin
fraction less than 10%; free hemoglobin less than 500 mg/100 ml;

ambient temperature between 20°C and 36°C.

The electronic circuit contains less than $20 worth of components
and can be built onto a circuit board only 2.5 cm x 2.5 cm. Several
models have been made including a two-channel unit that can measure
arterial and venous saturations, and a battery operated unit being
evaluated by the Surgery Branch during cardiopulmonary bypass procedures.
This unit damps around the 3/4- inch Tygon tubing, and thus does not
interfere with the bypass system. The pump technician obtains a
reading by pressing a button and reading the saturation on a small
meter. Because the circuit uses power only when the button is pressed,
the battery life should allow it to function for six months or more.
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Significance to Biomedical Research and the Program of the
Institute: Since long-term extracorporeal bypass procedures are now
within the realm of reality, biochemical monitoring techniques are
needed to establish the condition of the patient or experimental
animal undergoing treatment. The oximeter we have developed is

non- intrusive and requires no samples, so that its use does not
increase the hazard of extracorporeal circulation while providing
status and trend information. Its usefulness, size, cost, and '

stability contribute to the value of this monitoring device.

Honors and Awards: The oxygen saturation monitor, the OPTISAT,
was selected as one of the 100 most significant new technical products
of 1971 by Industrial Research, Inc., and awarded an I'R 100 award.

Publications: None
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PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Development of the Spiral Coil Membrane Blood Oxygenator
and Systems for Long-Term Temporary Support of Pulmonary
and Cardiovascular Systems.

Previous Serial No.: NHLI-267

Principal Investigators: Theodor Kolobow

Other Investigators: Roger Spragg, Joseph Pierce, Gerald Vurek,
Robert L. Bowman, W. J. Buehler, Jack G. Copeland,
Edward B. Stinson

Cooperating Units: Laboratory of Kidney and Electrolyte Metabolism;
Becton Dickinson Research Center, Raleigh, N.C.

;

Naval Ordnance Laboratory, White Oak, Silver Spring, Md.

Surgery Branch, NHLI

Project Description:

Objectives:
1. To further optimize the design of the spiral membrane lung

and to apply the artificial lung to clinical support of respiratory
and cardiac insufficiency. We will demonstrate the superiority of

membrane blood gas exchange in perfusion systems by long-term animal
studies designed to test the perfusion apparatus and explore clinical
limitations of this method.

2. Current extracorporeal bypass technique uses heparin as the
anticoagulant. Long-terra perfusions similarly must use heparin with
the ever-present danger of bleeding from open wounds and spontaneous
hemorrhage. We are exploring methods to further reduce* or eliminate,
the need for systemic heparinization by either surface treatment or
modifications in membrane manufacture.

3. The major single problem to widespread clinical and laboratory
use of the membrane lung has been inadequate quality of the membrane.
Commercial sources of membrane have been unable to supply us reliably
with membrane meeting our specificatio ns. A program has been instituted
to devise methods for the continuous production of "zero defect" silicone
rubber membrane.

4. A perfusion system must embody safety features and convenience
aspects to render the system simple to use, if it is to become universally
applicable. Such a system is to include automatic control features and
feedback systems to free the perfusion team from manually adjusting
many of the extracorporeal variables.
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He£heds imploytd and Major Findingas
I, fhi membs'ana lung.
A£ praaenti Chi apiral fflembrana lung la produced by both Beetoni

Bieklnaon Reaeareh Centeri Raleighi N.6.t and Sei-Med Xne.i MlnneapolUi
Minn. The peffo?fflanee of membrane lunga ffom either of Iheae vendora
la ai preaene nearly the aame. The aplral fflcabrane lung haa reportedly
ahown eonalalenlly an oicygen tranafer In exeeaa of 30 ee/Cn^) (mln)i i

and up £o to €e/(a'^)Cfflln) In aome Inaeaneea. With preaently uaed high
gaa flow raCea, GO2 exehangt above SO eei/(Bi^)(fflln) haa alao bean doeumencac

A. Animal research
1. Total cardiopulmonary bypass by peripheral cannulation

using the membrane lung was carried out in unanesthetized lambs with
induced ventricular fibrillation. Of particular interest is the finding
of severe abnormalities in pulmonary blood glucose and respiratory gases.

In this blood, which has drained retrograde through the lungs, we have
observed a pH above 7.85 with a pC02 less than 10, and a blood glucose
of less than 20 mg%. Such highly abnormal findings are believed to be
contributing factors to severe pulmonary damage as found in these
preparations. Such changes were markedly reduced by the inhalation of

high CO2 concentrations, and by administration of supplemental glucose.
It is postulated that similar findings may also be present in clinical
situations, such as in shock, pulmonary embolus, etc,

2. Because of these above findings, an animal preparation i

Is under study to determine the validity of the hypothesis that changes
associated with very low flow through the pulmonary vasculature results
in the lesions we have seen for the reasons cited.

3. Animal studies are in progress to study the effects of

long-term (3 day) high flow (80% cardiac output) veno-arterial bypass in
the sheep. Preliminary results indicate such bypass is non- injurious
to the animal.

4. To study the feasibility of alternative methods of

anticoagulation, Arvin (Malaya pit viper venom) has been used to anti-
coagulate sheep on bypass. Preliminary studies show no decreased incidenct

of spontaneous hemorrhage using Arvin than when using heparin, at levels
necessary.

B. Clinical Applications.
This laboratory has participated on a consulting basis In

the perfusion with membrane lung blood oxygenation of two patients with .

acute respiratory failure at the NNMC, Both patients succumbed f

eventually while on bypass.

Emergency service with veno-arterial bypass was provided in
a single case at the NHLI Surgery Branch in a patient with postoperative
heart failure, who could not be weaned off the pump. After 19 hours of

assist, the patient was weaned off bypass. He subsequently expired

during the first postoperative day.
"
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C. Instrumentation.
A special alloy consisting of nickel and titanium (Nitinol)

exhibits some unusual "memory" under certain temperature conditions.
In cooperation with the Naval Ordnance Laboratory, we have attempted to

utilize this memory by incorporating Nitinol into a wire reinforced
Lycra polyurethane catheter. Such a catheter can be crimped and
rolled into a smaller catheter (and thus is easier to insert into a

small blood vessel); on warming, this: catheter will suddenly expand and
return to its original, large-bore dimension. The advantage of this
feature for difficult arterial cannulations are obvious.

Further improvement has been made to permit continuous
monitoring of extracorporeal blood oxygen saturation. A servo system
has been developed to allow for automatic control of extracorporeal
arterialized blood pC02 irrespective of venous inflow pC02. Such a

system is especially useful when frequent large pCOo changes are found
during bypass.

2. Membrane production.
Work has concentrated entirely on methods to utilize silicone

elastomers as the membrane interface, primarily because of this elastomer's
high gas permeability.

By employing filtering and centrifugation of silicone rubber disper-
sions, we have been able to produce what essentially amounts to a pinhole-
free silicone rubber membrane. A small continuous casting system has
now been built; a larger system is nearly finished and will be ready
for evaluation. We believe this system constitutes the only presently
available means to produce silicone rubber membrane of a quality we
consider acceptable for use in the membrane lung.

An additional process involving ultraviolet post-irradiation results
in membrane that is not only pinhole-f ree, but is also stronger than
silicone membrane made by commercial manufacturers.

Research confirming our own results has been performed under contract
at the Becton, Dickinson Research Center in Raleigh, N. C. A continuous
casting machine for membrane production has also been built. That system,
however, never reached its design specifications and became involved in

numerous delays. As our small laboratory casting machine by that time
had become operational and work on the larger laboratory casting machine
was progressing satisfactorily, it was elected to redirect efforts fox

the remainder of the contract at B & D to have them supply us disposable
membrane lungs for laboratory use.
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The process for membrane production developed at the LTD can be

adopted In most Industrial casting facilities with only minor modifica-

tions. Our own casting system Is designed to help us explore various
parameters of membrane production! such as type of cure and post- cure

•

fabric reinforcement (weave, knit), depth of fabric coating, and others.

These variables are Impossible to obtain In collaboration with Industry
from our past experience. In addition, much wider membranes may be
continuously cast on our machine permitting us to explore design changes
In membrane lungs not previously possible. Lastly, the commercial
Industry will no longer have any excuse not to accept our recommendations
on membrane manufacture as we actually use these techniques with results
far superior to those of all leading silicone rubber manufacturers snd

silicone rubber processors.

3. Organ preservation.
We have collaborated with the Surgery Branch of NHLI to devise

methods suitable for cardiac preservation. A knowledge of materials

and of techniques of handling physiologic fluids extracorporeally
contributed to this effort. Of the final series of 7 canine hearts
perfused for 24 - 27 hr, there was 100% survival to rejection (4 or

more days) following orthotopic reimplantation.

Significance to Biomedical Research and the Program of the Institute:

We have established that it is practical to supplement pulmonary function
with the membrane lung to presumably allow recovery of damaged pulmonary /

or cardiac function. Lack of organic damage in animals and a few '

clinical applications suggest that adequate gas exchange can be maintained

for weeks if necessary to allow the natural healing processes to proceed

to reestablish normal function. To be suitable for long-term use, such

membrane lungs must perform adequate gas exchange for many days or weeks

without leaks, and require low levels of heparin. Our present success

in membrane production now makes this practical. A^ this time, it

appears that the spiral membrane lung has performance characteristics
both in respiratory gas transfer and blood compatibility superior to

other membrane lung designs now in use.

Proposed Course.
1. Clinical studies in long-term respiratory assistance with an

extracorporeal membrane lung will be continued. Clinical facilities
are being set up at a central place to permit prompt initiation of

membrane lung assist for respiratory failure. These facilities will
be equally suitable for providing cardiac assistance to patients in

need of temporary circulatory support.

f
2. We will continue our studies to evaluate long- terra total cardio-

pulmonary assist with the extracorporeal membrane lung perfusion system

in unanesthetized animals.

3. Our program in long-term extracorporeal respiratory blood gas

exchange and cardiac assist will be extended. High priority will be

given to methods to reduce heparin need.
(|
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4. Questions relating to mechanisms of pulmonary damage from
hypocapnea and hypoglycemia will be elucidated in various animal models.

5. Hypothrombogenic surfaces (such as hydrogels, or pure dimethyl
silicones without fillers) will be coated or grafted onto a completely
finished membrane lung, and evaluated in laboratory animals.

6. Differing membrane from our casting facility will be fabricated
into membrane lungs of varying configurations and capacities to meet
specific needs.

Awards: Scientific Exhibit at the Scientific Assembly and Annual
Meeting, The Radiological Society of North America, cum laude, 1971.

Publications

:

1. Spragg, R.G. , Kolobow, T. Oxygenators for infants. Advances
in Medicine series, American Chemical Society, 1972. In press.

2. Kolobow, T. , Spragg, R.G. Extracorporeal oxygenation in

respiratory failure. In Pulmonary Care in the Seventies . Hahnemann
Symposium Series. In press.
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ANNUAL REPORT OF THE
LABORATORY OF KIDNEY AND ELECTROLYTE METABOLISM

NATIONAL HEART AND LUNG INSTITUTE
July 1, 1971 through June 30, 1972

Studies in this laboratory are directed at elucidating the
mechanism of salt and water transport in isolated segments of
the mammalian renal tubule, the urinary bladder of the toad, and
mammalian and avian erythrocytes. The influence of antidiuretic
hormone, of aldosterone, and of a number of pharmacologic agents
on these processes is also being investigated. In addition, the
role of calcium in excitation-contraction coupling in cardiac
and skeletal muscle is being pursued.

Isolated segments of the mammalian nephron ;

The method for isolation and perfusion of individual seg-
ments of the rabbit cortical nephron, developed in this lab-
oratory, has been described in detail in earlier reports. Recent
studies in the proximal convoluted and proximal straight tubule
have been directed at evaluating the role of the colloid osmotic
pressure gradient across the tubule cell on the reabsorptive
process. The proximal tubule reabsorbs fluid isosmotically by
a process generally accepted as involving active transport of
sodium out of the intraluminal filtrate, passive movement of
chloride along the electrical gradient created by sodium trans-
port and associated osmotic flow of water. In recent years, a
number of investigators have presented evidence from in vivo
studies that the protein concentration of the capillary bed
surrounding this segment of the nephron exerts an important in-
fluence on net absorption. Although the measured colloid osmotic
pressure gradient and assumed hydrostatic pressure gradient
across the tubule epithelium are insufficient to account for the
observed rate of net absorption, perfusion of the capillary bed
surrounding the tubule with colloid free solutions reduces ab-
sorption markedly; perfusion with hyperosmotic protein solutions
increases reabsorption. These changes in absorption have been
ascribed to an indeterminate effect of colloid per se on active
transport of sodium or on the geometry and resistance of inter-
cellular channels for bulk flow. Others have presented evidence
utilizing the isolated tubule preparation developed in this
laboratory that colloid per se enhances absorption directly
across the epithelial wall even when devoid of surrounding
capillaries. This has not been confirmed in this laboratory.
The reabsorptive rate of tubules perfused with an ultrafiltrate
of rabbit serum and bathed in normal rabbit serum was compared
with that of tubules similarly perfused but bathed in protein
free solutions . Fluid absorption was identical in the two
situations if the protein free ultrafiltrate in the bath was
prepared with membranes which exclude solutes of greater than
10,000 molecular weight from entering the ultrafiltrate. On the
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basis of these studies it has been concluded that colloid has no

measurable influence on reabsorption. In contrast, if the bath- S^

ing fluid ultrafiltrate was prepared with membranes which permit

solutes of up to 50,000 molecular weight to enter the ultra-

filtrate, reabsorption falls markedly as it does if artificial

saline buffer is used in the bath surrounding the tubule. In

neither case was it possible to restore fluid absorption to

normal by the addition of 6-7 grams percent of albumin to the

bathing solution. It is clear from these studies that a colloid /

osmotic pressure gradient is not essential for normal reabsorp- V

tion across the isolated proximal tubule epithelium and that

factors other than the presence or absence of protein must

account for the fall in absorption noted in the two instances

mentioned above. Characterization of the unknown factors is

being pursued actively at present.

The effect of diuretics and other agents on the potential
difference and membrane resistance of the proximal straight and

convoluted tubule has been examined. To date, of the agents
studied only ouabain (a cardiac glycoside) and amiloride (a

diuretic) were effective. Both reduce the potential difference
and increase the membrane resistance of the proximal tubule.
Although cyclic AMP has been reported by others to inhibit proxi-
mal reabsorption on the basis of in vivo studies, no consistent
or reproducible effects of the nucleotide were noted in our
studies either on membrane potential or transtubular potential
difference.

Studies of the isolated cortical collecting tubule continue.
We had previously reported that the cortical collecting tubule
1) actively transport potassium into the lumen and sodium out,
and 2) responds to antidiuretic hormone and cyclic AMP with a

marked increase in its permeability to water. Identification
of the fraction of cell potassium directly involved in trans-
cellular transport (the transport pool) in this and other tissues
is essential if one wishes to characterize the transport process
in detail. It permits an opportunity for the localization of
the individual steps in transcellular movement and for studying
the subcellular details of the transport process. Although
many methods for measuring ion transport pools have been utilized
in other studies on the kidney, positive identification of the
site and size of the pool is a difficult problem in in vivo
preparation owing to tissue heterogeneity, difficulties of
sampling etc. The isolated tubule affords a unique opportunity
to pursue this problem. We have demonstrated that all of the
intracellular potassium in the cortical collecting tubule is (

engaged in active potassium transport of the cation from bath
to lumen. Tubules were perfused with a potassium-free solution
and bathed in Ringer solution of normal composition to which
isotopically labeled potassium was added. Since all of the
potassium appearing in the tubule fluid was derived from trans-
port across the cells from the bath it was possible to compare

(
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in a meaningful manner the specific activity of the lumen fluid/
that of the cell, and that of the bath at appropriate time
periods during achievement of equilibrium. The specific
activity of the cells and of the lumen were equal at any given
time and approximated that of the bath at single exponential
rate and a half time of 2-1/2 minutes. This is unequivocal
evidence that a) all of the intracellular potassium occupies
a single compartment and b) that all intracellular K is in-
volved in transcellular secretion under the conditions of
these studies.

As indicated above, antidiuretic hormone increases the
water permeability of this segment of the nephron. The hormone
also increases active transport of sodium across anuran
membranes in addition to an analogous effect on water movement.
It has not been known whether ADH exerts a similar effect on
sodixom transport in the tubule. The hormone increases the
potential difference in this segment as it does in the toad
bladder, but in contrast to its effect in the anuran membrane,
does not decrease the electrical resistance of the rate-limiting
membrane. The problem was reinvestigated by measuring bi-
directional fluxes of sodium in the presence and absence of
antidiuretic hormone. The hormone was observed to increase the
unidirectional flux of sodium out of the lumen into the bath
without affecting the rate of back movement of the isotope.
These effects are interpreted as indicating that antidiuretic
hormone increases active sodium transport as it does in toad
bladder and that the increase in potential difference
elicited by the hormone is a direct consequence of stimulation
of sodium transport.

The characteristics of transport in the thick ascending
limb of Henle have also been studied in the past year. This
segment is of central importance in the regulation of final
urine osmolality. It has been generally assiimed that the thick
ascending limb is relatively impermeable to water and that
active transport of sodium out of the tubule fluid with passive
chloride flow results in the elaboration of dilute intraluminal
fluid. The fluid then passes into the distal convolution where
in the presence of ADH water is lost to the surrounding inter-
stitium. Isolation and perfusion of thick ascending limb was
successfully accomplished this year. In agreement with deduc-
tions based on in vivo studies it was found that its perme-
ability to water is exceedingly low, thereby permitting estab-
lishment of an osmotic concentration gradient. In contrast to
earlier deductions, however, it has been demonstrated that
sodium transport is passive rather than active and that the
driving force for solute reabsorption in the thick ascending
limb is active chloride transport.
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Toad Bladder ;

The toad bladder serves as a useful model system for
elucidating the role of hormones on salt and water transport.
We have established in the past that vasopressin accelerates
water flow and sodium transport across this tissue via the in-
termediacy of cyclic AMP. Antidiuretic hormone as well as
theophylline (which interferes with the degradation of cyclic
AMP) increases the concentration of cyclic AMP in the epithelial
cells of the urinary bladder of the toad. The physiologic
response to theophylline and exogenous cyclic AMP is indis-
tinguishable from that to ADH. In addition we have demonstrated
that aldosterone, which stimulates sodium transport of itself
without affecting water flow across this tissue, exerts a
permissive effect on the response of the toad bladder to anti-
diuretic hormone. Thus vasopressin increases sodium transport
and water permeability considerably more in bladders incubated
with steroid for an appropriate period of time than in those
incubated for a similar time period without steroid. The per-
missive effect on the permeability response is also evident
when theophylline or cyclic AMP is used to initiate the perme-
ability changes. Although the results were initially inter-
preted as indicative of a direct effect of the steroid on a step
after the generation and accumulation of cyclic AMP (perhaps the
permeability process itself) current results are inconsistent
with this interpretation. It is likely that aldosterone in
some fashion diminishes the activity of a cyclic nucleotide
phosphodiesterase permitting greater accumulation of cyclic AMP

(|

following challenge with ADH. This conclusion is based on the
following: the content of cyclic AMP in epithelial cells of
toad bladders incubated with and without aldosterone for appro-
priate time intervals is indistinguishable. In contrast,
addition of ADH for the final 15 minutes of the incubation
period elevates the cyclic AMP content of the toad bladder
epithelial cells considerably more in those obtained from
aldosterone treated tissue than in those obtained either from
fresh tissue or from bladders incubated without the steroid.
The effect is specific in that incubation with physiologically
inactive analogs of the steroid is without influence on either
response to ADH. More recently we have demonstrated that
phosphodiesterase activity in the cytosol fraction of cells
obtained from bladders incubated with aldosterone for 24 hours
is significantly depressed as compared with that obtained from
bladders incubated without aldosterone for a similar period of
time.

This section of the laboratory is also attempting to define i

the mechanism of action of cyclic AMP on the permeability process.
By analogy with the results of studies in other tissues, it is
conceivable that cyclic AMP activates a kinase that induces
phosphorylation and activation of that protein (or proteins) in
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the limiting membrane responsible for the permeability changes.
We, as have others, have demonstrated the presence of a cyclic
AMP dependent protein kinase in toad epithelial cells. We are
now attempting to localize its endogenous substrate for further
characterization

.

Duck Erythrocytes ;

In an earlier report the discovery of a unique volume con-
trolling mechanism in duck erythrocytes was noted. Duck
erythrocytes immersed in anisotonic media respond with appro-
priate changes in volume; that is, they swell in hypotonic
media, shrink in hypertonic media. Soon afterwards, however,
the cell returns to its original size. Direct measurements of
cell osmolality and electrolyte composition indicate that
throughout the initial osmo-regulatory and subsequent volume
regulatory phase the cell remains in osmotic equilibrium.
Final volume adjustment is dependent upon appropriate gains or
losses of cell monovalent cations. Analogous volume adjustments,
presumably indicative of a sensitive regulatory device in the
cell membrane, occur after perturbations of duck cells in
isotonic media. The latter adjustments appear to depend in
part upon an intact catacholamine-responsive adenylate cyclase
system. More recently it has been established that the increase
in cell volume induced by epinephrine in isotonic media is
accomplished by similar changes in cation composition as those
of cells which return to their original volume after immersion
in hypertonic media. Both processes require that the bathing
medium contain Na+ and K"*"; the concentration of the latter must
be in excess of that in normal plasma. Finally, the character-
istics of cell shrinkage in the absence of epinephrine in
isotonic media are identical to those of cells which readjust
volume after immersion in dilute solutions. Current studies
are directed at studying volume regulation in two situations:
1) in cells, the internal cation composition of which is ex-
perimentally altered in a reproducible fashion. The alteration
in intercellular electrolyte content is induced by incubation
in parachoromercuribenzine sulfonic acid, an agent that increases
cation permeability such that the internal composition of the
cell ultimately approximates that of the bathing solution. This
transformation occurs without evident hemolysis. Subsequent
removal of the sulfhydryl agent restores permeability to normal,
and 2) in ghost preparations of human erythrocytes. The latter
are virtually pure membrane preparations and should permit more
rigorous control of experimental conditions for the purpose of
defining the volume regulating system.

The Role of Calcium in Muscle Contraction :

The Section on Experimental Cardiovascular Disease con-
tinues its detailed studies of excitation-contraction coupling

3^5'



in mammalian heart and skeletal muscle. It has been shown that
calcium is integral to the coupling process. A protein system,
(cardioglobulin) present in plasma and originally discovered by
this group, has been localized by immunof lores cence to the
region outside of the plasma membrane. It is thought to serve
as the proximate source of calcium for transport to the
actomyosin space. During membrane depolarization calcium
triggers actomyosin into contraction. In the current year the
putative transport system has been examined by studying the
characteristics of uptake and release of labeled calcium by
appropriately treated rat hemidiaphragms . The following
characteristics of the binding process have been defined. Rat
diaphragms and by analogy the cardioglobulin adjacent to the
plasma membrane bind calcium relatively specifically. The
temperature dependence of the process is such as to exclude a
passive adsorptive phenomenon. The bond energy (8.2 kcal per
mole) calculated from Arrhenius plots of the uptake curve is
greater than that of simple protein interactions with calcium,
indicative of the energy dependent nature of the process.
Finally on the basis of studies of uptake of a number of
different cations under analogous experimental conditions it was
noted 1) that the binding sites are specific for divalent
cations; the affinity for calciiom being the greatest and 2)
that the sites select divalent cations on the basis of atomic
size.' Those with a naked atomic radius of less than 0.9 or
greater than 1.1 Angstroms are virtually excluded. The corre-
lation with naked atomic size rather than hydrated size
strengthens the conclusion that uptake is a non-adsorptive
process and requires active expenditure of energy. This must
be so if one makes the reasonable assumption that removal of the
hydration shell (an energy consuming process) must precede
uptake by the tissue.

5^6



Serial No. NHLI-110
1. Kidney & Electrolyte Metabolism
2. Electrolyte Metabolism
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Volume regulation in duck and human erythrocytes

Previous Serial Number: NHLI-119

Principal Investigator: Floyd M. Kregenow, M.D.

Other Investigators: None

Cooperating Units : None

Project Description:

In a previous report (1970-1971) evidence was presented that
duck erythrocytes contain a "volume controlling mechanism" which
regulates cell size in either anisotonic or isotonic media by
adjusting the total monovalent cation content of the cell. Con-
ceptually the mechanism must contain a receptor, transmitter,
and effector. The latter is presumably located in the membrane
and is responsible for alterations in membrane permeability
which lead to the loss or gain of monovalent cations. Since
the duck erythrocyte remains in osmotic equilibrium with its
environment, water accompanies the shift in electrolytes and
accounts for the changes in cell size. The factors responsible
for regulating monovalent cation content are separate from those
related to the ouabain-inhibitable cation pump that, in the
duck red cell, appears to control only the concentration of
monovalent cations.

Objectives: To further characterize the "volume controlling
mechanism" by:

1) establishing and utilizing a duck red cell preparation
with high Na content and concentration that is able to regulate
its size,

2) demonstrating the mechanism in a ghost preparation from
human and duck erythrocytes

,

3) examining volume regulation in the duck red cell with
the electron microscope.

Methods Employed: All methods have been described pre-
viously.
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Major Findings: I. High Na Cells. The present under-
standing of how the "vplmne oontrollipg mechanism " operates has
been largely obtained ¥y noting the effects alterations in
the Na & K content of the medium have on normal high K duck
erythrocytes (Lower or Upper Steady State Cells; See Annual
Report, 1970) . A more thorough understanding of the mechanism
requires the use of cells with an altered cation content and
concentration which are still capable of regulating their size.
With such a system it is theoretically possible to vary the
intra- and extracellular Na & K content and concentration sep-
arately and thereby establish with some certainty the effect of
each. Accordingly, work was begun on establishing a cellular
system with these characteristics.

If human erythrocytes are incubated at 4 C for 24 hours
with the sulphydryl agent PCMBS (p-chloromercuribenzene sulfonic
acid) cation permeability increases. During this period they
lose all of their original Na & K and acquire the monovalent
cation composition of the medium. The process occurs without
hemolysis. Normal permeability characteristics return if the
PCMBS is removed and the cells are incubated at SV^C for 45
minutes with Cleland's Reagent (dithiothreitol)

.

It is possible to produce duck erythrocytes containing
mostly K or Na of varying content (130-200 mmoles/L of original
number of cells) as well as cells with different ratios of Na ^i

& K concentrations and content by using a modification of the
aforementioned procedure. These enlarged cells can be made to
return to their original volume in an isotonic medium where
they acquire "normal" permeability characteristics if their
cation composition is identical to that of fresh cells. The
process of cell shrinkage and the experimental procedures
necessary for reconstitution of the cells' original volume differ
depending upon the cation content of the cells and medium. This
phenomenon and the response of altered cells to incubation in
anisotonic media of varying composition is currently under in-
vestigation.

In trying to obtain a duck cell preparation with high Na
content it was found that these cells, unlike h\aman red cells,
do not swell appreciably during the first week of storage at
40c in an isotonic medium. If experimentally enlarged during
this period, they shrink. The response of duck red cells to
isotonic lactose solution was also similar to that observed i

previously in turtle and human red cells by Maizels. In a so-
lution of this composition the erythrocytes lose their cation
permeability and shrink; cation impermeability returns upon
removing the lactose solution and resuspending the cells in an
electrolyte solution which contains a small amount of divalent
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cation.

II. Ghosts. Ponder and Bonneto first observed that the
human erythrocyte ghost returns to its original biconcave shape
after swelling and hemolyzing in hypotonic media. Ghosts from
duck erythrocytes also demonstrate this response. Because it
was possible that the formation of these "reversed ghosts"
utilized a "volume controlling mechanism" somewhat similar to
that described previously in this laboratory, experiments were
begun with ghosts from both hioman and duck erythrocytes. If
it were possible to demonstrate this mechanism in ghosts it
would a) establish that the system exists in mammalian as well
as avian cells, b) provide an experimental system which is
amenable to numerous, otherwise impossible, experimental
approaches, and c) provide a cellular element which would serve
as a starting point for any subsequent isolation procedure. It
was first necessary to find the optimal conditions for the ^^
formation of cation impermeable ghosts from duck red cells; Ca ,

phosphate buffer and glucose as well as Mg"*"*" must be present
in the hypotonic hemolyzing solution. These conditions are
different from those required by human erythrocytes . The
conditions chosen for producing ghosts were those that would
maximize the likelihood of obtaining a homogenous population:
i.e., a) a small hemolyzing ratio of volume of cells: volume
of hypotonic hemolyzing solution, and b) incubation at 41oc
after adding a concentrated salt solution. Experiments to date
indicate (analysis on the entire ghost population) that volume
regulation does indeed occur during the formation of reversed
human and probably duck ghosts . The cell water content is main-
tained relatively constant even when the medium tonicity varies
2-3 fold and is approximately the same as that present in intact
cells. The cell volume is actually smaller than that of fresh
cells by an amount that can be accounted for by the loss of cell
solids during the hemolytic process. More than 95% of the final
ghost population also regains its impermeability to cations
(as indicated by the ability to retain K in an Na containing
medium) . During the process of reconstitution an appropriate
quantity of cation is apparently selected from the medium so
that the ghosts remain in osmotic equilibrium with their envir-
onment but still maintain a relatively constant water content.
However, to be absolutely certain about the preceding findings
it is necessary to know that the ghost population is homogenous,
and, if not, to selectively remove the non-homogenous portion
prior to any experimental analysis. The only instrioment capable
of accomplishing this task, that utilizes a method independent
of those already in use, is a particle analyzer. Current efforts
are directed at assessing various particle analyzers for the
ability to determine the size distribution of a population of
cells

.
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III. Electron Microscopy. Finally, experiments using the
electron microscope have been undertaken in conjunction with
Dr. Michael Shelanski to identify a structural change related
to the duck red cell's ability to regulate its size.

Proposed Course of Project:
in the Objectives.

To pursue the goals outlined

Honors and Awards: None

Publications

:

Kregenow, Floyd M. : The response of duck
erythrocytes to norepinephrine - volume
regulation in isotonic media. J. Gen. Physiol .

(Accepted for publication)

.
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Serial No. NHLI-111
1. Kidney & Electrolyte Metabolism
2 . Renal Mechanisms
3. Bethe sda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title; Mechanism of salt and water transport by proximal renal
tubules .

Previous Serial No.: NHLI-113

Principal Investigators: Maurice B. Burg, M.D.
Michael D. Lutz, M.D.
Dennis W. Waring, Ph.D.
Michael Horster, M.D.
Jean Cardinal, M.D.
Jack Orloff, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: The proximal renal tubule is of special importance since
this segment is responsible for isosmotic reabsorption of the bulk of the

salts and water filtered by the kidney. Despite intensive previous investi-
gation both by micropuncture and in vitro perfusion the precise nature of
the transport mechanisms involved is disputed. Further, it has been unclear
whether the chemically important diuretic drugs have an effect in this

segment. The present investigations are intended to elucidate these problems.

Methods: Previously described.

Major findings and proposed course of the investigation: 1) The
protein colloid osmotic pressure difference normally present across the

tubule epithelium is not required for fluid absorption in this segment.
This conclusion was previously reached on the basis of micropuncture studies,
but has been recently disputed. In order to resolve the question we perfused
the tubules with a protein-free solution and varied the protein concentration
in the bath. Fluid absorption was identical whether the bath was serum
T^ich contains protein or protein-free ultrafiltrates prepared from the

serum with membranes which exclude from the ultrafiltrate, solutes of
molecular weight > 10,000 (cellophane and Amicon UM-10 membranes). Evidently
the protein colloid osmotic pressure difference has little effect on fluid
absorption in this segment. In other experiments absorption was reduced
when the bath contained artificial saline buffer or an ultrafiltrate of
rabbit serum prepared with a membrane excluding solutes of molecular weight
> 50,000 (Amicon X M-50) . Addition of 6-7 gm/100 ml of albumin to these
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solutions did not restore fluid absorption. Apparantly, factors other than

protein colloid osmotic pressure were responsible for the changes observed

in the latter experiments. At least 3 factors may be postulated: 1) one or

more low molecular weight (< 10,000) solute(s) which are present in serum,

but are missing from the artificial saline buffer and which accelerate
fluid absorption, 2) an inhibitor of fluid absorption of molecular weight
10,000 to 50,000 which is present in the ultrafiltrate prepared with Amicon
XM-50 but not UM-10 membranes, 3) a large molecular weight (> 50,000) solute

which normally neutralizes (2) . We are at present determining whether the

postulated factors actually exist by testing the effect of solutions
prepared by various combinations of ultrafiltration and dialysis of rabbit

serum and saline buffer on reabsorption.

2) We are unable to find any convincing evidence for a reversible
action of most of the chemically important diuretics on the proximal tubular

segments. Drugs were screened by placing them in the bathing solution and

testing their effects on the electrical P.D. and resistance (and in some

cases fluid absorption) . Hydrochlorothiazid and furosimide had no effect

even at the highest dose employed (10"3m) . Mersalyl, ethacrynic acid and

acetezolamide had no consistent effect except at very high concentrations
which caused irreversible decline in the P.D. accompanied by gross morpho-
logical changes (cellular vacuolization, swelling, and desquamation) . Although

there are a number of possible explanations for these results the most

obvious is that the drugs do not ordinarily act on this segment and that the

results observed were the result of non-specific poisoning. Ouabain and

amiloride both caused a reversible decrease in the P.D. and an increase in theji

electrical resistance. (Ouabain also inhibited fluid absorption.)

Therefore, in proximal tubules, as in other epithelia, ouabain and amiloride
probably inhibit electrolyte transport, accounting for the decrease in P.D.

The increase in electrical resistance is unexplained and will be investigated

further

.

3) A possible effect of cyclic AMP on the proximal tubule is of

interest since this chemical has been implicated by others in the action of

parathyroid hormone and adrenergic drugs in this segment. We found no effect

of concentrations of cyclic AMP as high as 5 x 10~TI on fluid absorption or

P.D. Higher concentrations caused irreversible damage to the tissue.

4) Preliminary to the further investigation of the NaCl transport

mechanism in proximal tubule we have measured CI concentration in the lumen

fluid. As in previous micropuncture studies, the chloride concentration
increased to a limiting value approximately 1.2 times that of the external
bath. We are at present measuring the Cl flux ratio to determine the

mechanism of the chloride transport.

Honors and Awards: None

Publications: Tune, B.M. and Burg, M.B.: Glucose transport by proximal
renal tubules. Am. J. Physiol . 221: 580-585, 1971.

^
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1. Kidney & Electrolyte Metabolism
2

.

Renal Mechanisms
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Function of the thick ascending limb of Henle's
loop

Previous Serial Niimber: None

Principal Investigators: Maurice B. Burg, M.D.
Jack Orloff, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: The thick ascending limb of Henle's loop is a
renal tubule segment of special importance since it is 1) one of
the major sites of NaCl transport which is responsible for
urinary concentration and dilution, 2) it is thought to be a
major site of action of diuretic drugs. These conclusions had
been based on indirect evidence since the segment is buried
within the kidney, inaccessible to micropuncture, and had not
previously been studied directly. The purpose of the present
investigation was to study isolated portions of this segment
directly in vitro in order to confirm the above conclusions and
to elucidate the transport mechanisms involved.

Methods: were previously described for use in other tubule
segments. New technical developments for this project were:
1) a method for changing perfusion fluid while a tubule is being
perfused, 2) a method for dissecting this segment under condi-
tions suitable for perfusion.

Major findings: 1. NaCl concentration is reduced in the
tubule lumen, as anticipated from previous indirect evidence.
The steady state lumen NaCl concentration is approximately . 3 to
.5 times that in the bath.

2. Water permeability is very low, permitting the estab-
lishment of the salt concentration gradient.

3. The electrical potential is oriented lumen positive,
which is the opposite to that of other tubule segments previously
studied. With equal NaCl concentration in the lumen and bath
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the P.D. is +3 to +9 mV. Therefore, ohloride transport is i

active, a conclusion not previously suspected.

4. Na transport is largely passive, along the driving
force of the electrical P.D, This conclusion is based on 1)
comparison of the steady state luinen NaCl concentration vs , the
P.D. and 2) comparison of the Na flux ratio to the P.D. The
methods used thus far are insufficiently precise to establish (i

whether Na transport is completely passive.

5. The P.D. is caused by the CI transport. It disappears
wh@n Gl is removed from the bathing solutions (sulfate replace-
ment) and increases when Na is replaced by a less permeant ion
(choline)

.

6. Na permeability is much greater than CI permeability.
When lumen NaCl concentration is decreased or falls spontaneously
(stop flow), the P.D. increases to +25 to +35 mV, owing to a
NaCl diffusion potential. The relative permeability of the two
ions is deduced from the orientation of the P.D. change.

7. NaCl transport is poisoned by ouabain. Na concentra-
tion no longer decreases and the P.D. disappears when the drug
is present. This finding is of interest since the drug is
generally supposed to act on Na and K transport via the Na-K
ATPase which is reported to be present in this tubule segment in n

unusually high concentrations. Therefore, the nature of the "

action on active CI transport requires clarification.

8. There is net K transport from lumen to bath causing a
decrease in its concentration. This is presumably also a passive
process, as is the Na transport.

Proposed course of project: 1) To determine whether and by
what mechanisms diuretic drugs alter transport in this segment.

2) To determine if H"*" is also passively reabsorbed in this
segment. This would be of interest since such transport would
be opposite in direction to H"*" transport in other tubule
segments

.

Honors and Awards : None

Publications: None i
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Serial No. NHLI-113
1. Kidney & Electrolyte Metabolism
2

.

Renal Mechanisms
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Study of ion transport in renal cortical collecting tubules.

Previous Serial No.: NHLI-114

Principal Investigators: Larry Stoner, Ph.D.
Gustavo Frindt, M.D.
Maurice Burg, M.D.
Jack Orloff, M.D.

Other Investigators: Clifford Patlak, M.D.

Cooperating Units: Dr. Patlak is a member of the National Institute of
Mental Health

Project Description:

Objectives: The cortical collecting tubule is a distal nephron segment
which has at least two important functions, demonstrated in our previous
studies: 1) It actively transports Na out of and K into the tubule lumen.
2) It regulates water movement out of the tubule lumen by varying water
permeability in response to vasopressin. The purpose of our present studies
is to further elucidate the transport mechanisms involved.

Methods: Previously described.

Major findings: 1) Mechanism of action of vasopressin (ADH) : In
anuran membranes ADH causes an increase not only in water permeability, but
also in the active transport of Na from mucosa to serosa. Whether the hormone
causes a similar increase in Na transport in the renal tubule had been
uncertain. We investigated this question by using radioisotopes to measure
the bidirectional fluxes of Na in the cortical collecting tubule in the
presence and absence of ADH. Under control conditions the Na flux ratio
was 5:1 (lumen to bath:bath to lumen). After addition of vasopressin the

lumen to bath flux increased without any change in the bath to lumen flux.
During this time the electrical P.D. (lumen negative) was increased. Thus,

ADH increases net Na transport in cortical collecting tubules without
altering Na back flux, just as in the anuran membranes.

2) K transport pool: Active K transport across the tubular epithelium
presumably involves mixing of the transported K with a portion (and possibly
all) of the cell K, i.e. the K transport pool. In principle, if the intra-
cellular K transport pool can be identified and the kinetics of exchange
analyzed, the membrane sites of K transport can be defined. Such a method
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should be useful for studying the subcellular details of the normal trans- I

port mechanisms and also the effects of drugs and hormones on transport.

Further, the method could be extended to other important ions and other

tubule segments. Although a number of methods for measuring ion transport

pools have been used in kidney tubules and other epithelia, positive

identification of that fraction of the portion of the intracellular ions

contained in the transport pool has remained a problem. In our present J

experiments we have proven that the K transport pool involved in active "

K secretion into the tubule lumen is the entire epithelial cell K content.

Tubules were perfused continuously with K-free solution. Consequently,

all K vjhich appeared in the lumen was derived from transport across the

epithelium. K^2 ^^g added to the bath and the specific activity of both

luminal fluid K and intracellular K were measured at frequent intervals.

Specific activity of cell and luminal fluid K were equal at any given time

and approached the specific activity of the bath as a single exponential

with a half-time of 2.5 minutes. Thus, all of the intracellular K occupies

a single compartment (single exponential) and is involved in transport.

Cell K concentration was found to be high (130 mEq/L vs 5 mEq/L in the

bath) . We are now attempting to see if the method can be modified for

use with K in the lumen fluid with the intention of studying the effect of

drugs and hormones on the transport steps.

3) Effects of drugs and hormones: A number of drugs and hormones

have been tested. The most striking result thus far is with amiloride.

Low concentrations of this drug in the lumen cause the P.D. to change

rapidly and reversibly from the normal -25 to -60 mV to +10 to +20 mV. (

We are at present attempting to determine the change in 4on transport

responsible for this effect.

4) We had previously noted a marked difference in P.D. between tubules

from rabbits on a high K*" and low Na+ diet (-25 to -60 mV) and those on a

high Na+, low K*" diet (+10 to -10 mV) . We now find that K secretion is

reduced on the low-K diet. Since a low K diet may result in diminished

aldosterone secretion in the intact animal we have added the hormone to

tubules from the low-K animals. In preliminary experiments no apparent

effect on the P.D. was noted. Despite this we plan to pursue this point

in an effort to determine whether aldosterone or some other factor may

account for the difference in P.D. and the adaptation of K transport.

Honors and Awards: None

Publications: Frindt, G. and Burg, M.B.: Effect of vasopressin on Na

transport in renal cortical collecting tubules. Kidney |

International, in press.
'

I
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fc1. Kidney & Electrolyte Metabolism

2. Electrolyte Transport
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Further investigation of the effect of
prostaglandins on the permeability and transport
properties of the urinary bladder of the toad.

Previous Serial Number: NHLI-118

Principal Investigators: William C. Albert, M.D.
Joseph S. Handler, M.D.
Jack Orloff, M.D.

Other Investigators: None

Cooperating Units : None

Project Description:

Objectives: The response of the urinary bladder of the
toad to vasopressin is characterized by an increase in the rate
of active sodium transport and by an increase in permeability
to water. Vasopressin elicits this response by stimulating the
formation and intracellular accumulation of adenosine 3',5'-
monophosphate (cyclic AMP) . Cyclic AMP is the intracellular
mediator of the effect of vasopressin. Prostaglandins are
naturally occurring fatty acids that in low concentrations have
been shown to have a variety of effects in many tissues. Pre-
vious studies in this laboratory indicated that prostaglandin
El (PGEj^) inhibits the water permeability response of the toad
bladder to vasopressin but not the water permeability response
to cyclic AMP, an effect interpreted as inhibition of the effect
of vasopressin on adenylate cyclase, the enzyme that catalyzes
the formation of cyclic AMP. Other laboratories have confirmed
these observations but have observed no effect of PGE^ on the
sodium transport response to vasopressin. This would imply that
there are two different vasopressin-responsive adenylate cyclase
systems in the toad bladder, only one (that associated with the
water permeability response) sensitive to the inhibitory effects
of PGE^. This study is intended to explore the effect of
prostaglandins on the stimulation of sodium transport by the
bladder and to test the effect of 7-oxa-13-prostynoic acid, a
newly synthesized analog of prostaglandin that has been reported
to be a competitive inhibitor of PGE^^ in other tissues and which
enhances the water permeability response of the toad bladder to
vasopressin even in the absence of PGE^. In addition, the effect of
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IndomathAoln will ba exwninsd. Thii oompound inhibit! the
iyntheeis o£ prostaglandina and in other tiaaues haa been re-
ported to enhance hormone-elioited reaponaea that are Inhibited
by exogenouB proataglandina (IllianOf G. and i. Guatreaaaei,
Nature New Biology 234t72, 1971). fhe effeeta o£ proataglandina
and their inhlbitora will be atudied on water permeability and
the rate of aodium tranaport by toad bladder, on the oyolio AMf
€ont@nt of the epithelial sells of the toad bladder i and on the
shanges In theae properties in response to vasopressin!

Methods I iermeability to water is measured by monitoring
the rate of flow of water from a dilute solution bathing the
muooial surfaoe of the bladder to linger solution bathing the
serosal surfaoe , using the sao teshni^ue of lentley. Net sodium
transport Is measured using the short-airouit surrent teohnigue
of Usiing and Zerahn. The oyolio AMP content of toad bladder
epithelial cells will be meaaured in TCA extraota of cella
scraped from intact bladders after incubation with the appro-
priate hormones, prostaglandin, and/or inhibitor. Extraction
of the nucleotide, its separation and assay by the binding
protein method of Gilman is now readily accomplished in this
laboratory (see annual report NHLI-116, July 1, 1970-June 30,
1971) .

Major Findings: 1) We have confirmed our earlier obser-
vation that 10~'7m PGE, inhibits the sodium transport response
to submaximally effective concentrations of vasopressin. These
results differ from those of another laboratory where higher
concentrations (possibly those that elicit a maximal response)
of vasopressin were used and no inhibition observed, they con-
cluded that failure of PGE3_ to inhibit the stimulation of sodium
transport by vasopressin was further evidence for two separate
pools of cyclic AMP in the toad bladder, one mediating the
vasopressin elicited stimulation of sodium transport, the other
mediating the vasopressin elicited and PGE inhibitable increase,
in permeability to water (Lipson, L. C. and Sharp, G. W. G.,
Am. J. Physiol. 220:1046, 1971).

-5
2) 10 M 7-oxa-13-prostynoic acid did not alter the in-

hibition by PGE]_ of the sodium transport and water permeability
response to vasopressin. Others had reported that this compound
enhances the water permeability response to vasopressin even in
the absence of exogenous prostaglandins (A. Ozer and Sharp, G.
W. G., Am. J. Physiol. 222: 674, 1972). The explanation of the
difference in results remains to be determined.

— 8
3) Bladders incubated with 10 M indomethacin for 30

minutes had no change in basal sodium transport rate but did
manifest a greater increase in sodium transport in response to
low concentrations of vasopressin than paired tissue that had
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not been prelnoubated with Indoxnethaoln. Similarly, Incubation
with TxlO'^^M indomethacin did not alter the ba0al water perme-
ability of the bladder but resulted in a greater increase in
water permeability in response to low concentrations of vaso-
pressin than that of paired tissue that had not been Incubated
with the drug. These experiments with indomethacin, assuming
that the drug acts by inhibiting prostaglandin synthesis in the
toad bladder as in certain other tissues (Vane, J. R., Nature
New Biology 231:232, 1971), are interpreted as demonstrating
that the toad bladder synthesizes and contains prostaglandins
which inhibit the water permeability and the sodium transport
response to vasopressin.

Proposed Course of Project: The effect of PGE]_, indo-
methacin, and 7-oxa-13-prostynoic acid will be examined on the
cyclic AMP content of the epithelial cells of the bladder in
the absence and presence of vasopressin. In addition, the effect
of these agents on the adenyl cyclase activity of the epithelial
cells will be determined.

Honors and Awards : None

Publications: None
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Previous Serial Number: NHLI-117

Principal Investigators: Rodney Omachi, M.D.
Dianne Robbie, Ph.D.
Joseph Handler, M.D.
Jack Orloff , M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: Previous work in this laboratory has estab-
lished the thesis that vasopressin alters the permeability and

(|

transport properties of the toad urinary bladder by stimulation
of the production, and thus the accumulation within the respon-
sive cells of adenosine 3 ',

5 ' -monophosphate (cyclic AMP). The
mechanism by which this increase in the cyclic AMP content of
the cell elicits changes in the cell membrane that are manifest
as the vasopressin elicited increase in permeability is unknown.
Studies of other cyclic AMP mediated responses to hormones in
other tissues have established the critical role in those
tissues of a cyclic AMP dependent protein kinase, an enzyme that
catalyzes the phosphorylation by the gamma phosphate of ATP of
certain proteins. In those tissues the phosphorylated protein
is an enzyme whose activity is markedly altered by the
phosphorylation. The change in activity of the phosphorylated
enzyme can explain some of the physiologic changes seen in the
intact cell in response to the hormone. Cyclic AMP dependent
protein kinase activity has been demonstrated in the epithelial
cells of the toad bladder. This study is intended to establish
further the role of cyclic AMP dependent protein kinase in the |

response to vasopressin and to identify the protein substrate (s)
for the enzyme. One approach will be directed toward identify-
ing the substrate in situ. In other experiments, the ability
of various cell fractions to serve as substrate for the kinase
in vitro will be explored, with particular emphasis on the cell
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membrane which is believed to be the site of the rate limiting
permeability step that is altered in response to vasopressin.

Methods: Radioactive PO4 was introduced into cell PO4
pools by incubating paired intact hemibladders with inorganic
^2po4 or •^^P04 . After suitable changes of solution to remove
extracellular radioactive phosphate, one hemibladder was in-
cubated with vasopressin; the other hemibladder labelled with
the other phosphate isotope, served as control. The incubation
with or without vasopressin was ended by scraping the epithelial
cells from the bladder and pooling paired experimental and
control cells. The cells were homogenized and then fractionated
by centrifugation. Lipid, nucleic acid, and protein components
were extracted from the centrifugal fractions and assayed for
each isotope by liquid scintillation spectrometry.

In other experiments, centrifugation of a cell homogenate
in a continuous sucrose density gradient afforded the separation
of finely particulate fraction containing 50-60% of plasma
membrane marker (5 ' -nucleotidase) , another fraction containing
80-90% of mitochondrial marker activity (succinic dehydrogenase)

,

as well as a cytosol and crude nuclear fraction. An alternative
procedure utilizing a discontinuous sucrose density yielded
the isolation of purified plasma membrane "ghosts" and of nuclei
from the crude nuclear fraction. Each purified subcellular
fraction was tested for cyclic AMP dependent protein kinase
activity using themselves or added histone as substrate, as well
as for their behavior as substrate for the cyclic AMP dependent
protein kinase prepared from the soluble fraction of the
epithelial cells.

Major Findings: Radioactive phosphate was readily taken
up by the epithelial cells of the bladder and incorporated into
ATP. Unfortunately, incorporation of labelled PO4 into the
several fractions of cell membrane and nuclei proved to be
uncontrollably variable, probably because of rapid turnover of
PO4 in these fractions in the absence of hormone.

In vitro studies indicate that protein kinase and kinas.e
substrate activity is widely distributed among the several
particulate fractions. Plasma membrane envelopes, as obtained
from the discontinuous sucrose gradient separation, do not have
cyclic AMP dependent protein kinase activity using themselves
or histone (the best substrate for the soluble cyclic AMP de-
pendent protein kinase) as substrate. The purified plasma
membrane fraction contains an extremely active ATPase which
interferes with protein kinase studies.

Proposed course of project: The in vitro phosphorylation
studies will be pursued after methods have been devised to in-
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hibit the ATPase activity of the membranes. The effect of
cyclic AMP on dephosphorylation of the membranes will also
be examined.

Honors and Awards : None

Publications: None
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Serial No. NHLI-116
1. Kidney & Electrolyte Metabolism
2 . Electrolyte Transport
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1 1971 through June 30 1972

Project Title: The effect of aldosterone on the metabolism of adenosine
3' ,5' -monophosphate (cyclic AMP) in the toad urinary bladder.

Previous Serial No.: NHLI-116

Principal Investigators: Jeffrey Stoff, M.D.
Joseph Handler, M.D,
Jack Orloff, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: Previous studies from this laboratory have demonstrated

that aldosterone increases the water and urea permeability response and the

sodium transport response of the toad urinary bladder to vasopressin. The

steroid has a similar "permissive effect" on the response to exogenous

cyclic AMP (the intracellular mediator of the response to vasopressin) and on

the response to theophylline, an inhibitor of the degradation of cyclic AMP

by the enzyme cyclic nucleotide phosphodiesterase. This project was intended

to elucidate the mechanism of the permissive effect of aldosterone. In the

first phase of the study, the effect of aldosterone on cyclic AMP levels were

measured in toad bladder epithelial cells under conditions in which the

permissive effect of the steroid is manifest. The second phase, designed to

explain changes in levels of cyclic AMP seen in the first phase, consists of

characterization and assay of cyclic nucleotide phosphodiesterase activity

in homogenates prepared from aldosterone treated and from aldosterone
depleted tissue .

Methods Employed: Intact toad bladders were dissected free, divided

into quarters, and incubated in an amphibian Ringer solution for various
lengths of time in the presence or absence of aldosterone. The effect of

vasopressin on the cyclic AMP content of epithelial cells was assessed
after incubation with the polypeptide hormone for the final 15 minutes of the

experimental period, that of theophylline after incubation for the final

30 minutes. Epithelial cells were then collected by scraping the mucosal
surface of the bladder with a glass slide. The cells were rapidly frozen in

liquid nitrogen and extracted in cold trichloroacetic acid containing
tracer ^H-cyclic AMP. Cyclic AMP in the extract was purified by cation
exchange chromatography, concentrated by lyophilization, and assayed using
the protein kinase binding assay of Oilman (see previous annual report,
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of incubation with the steroid, was steroid specific in that it was not

elicited by other steroid hcrinones that are known to have no effect on the

permeability response to vasopressin, and was blocked by cycloheximide, an

inhibitor of protein synthesis. Since aldosterone has a permissive effect

on the permeability responses to vasopressin, to exogenous cyclic AMP, and

to theophylline, and enhanced the increase in cyclic AMP levels elicited by

vasopressin and by theophylline, the most likely explanation of the per-

missive effect is inhibition of the activity of cyclic nucleotide phospho-

diesterase.

Most of the phosphodiesterase activity was associated with the 700 x G

supernatant rather than the cell membrane fraction, and appears to have two

Km's (10"5m and 1.6 x lO'^M) as reported for the enzjmie from other tissues.

Incubation xd-th 2 x 10"7m aides terone for 24 hours resulted in a reduction

of cyclic nucleotide phosphodiesterase activity of 11% (n = 19, p < .001). i

Thus the enzjraie cyclic nucleotide phosphodiesterase appears to be an important

site of regulatory control in the permissive effect of aldosterone in the

toad urinary bladder.

Proposed course of project: Project is completed.

Honors and Awards: None

Publications: Stoff, J.S., Handler, J.S. and Orloff, J.: The effect of
aldosterone on the accumulation of adenosine 3 ',5 '-cyclic

nucleotide phosphate in toad bladder epithelial cells in

response to vasopressin and theophylline. Pcoc . Natl Acad .

Sci. 69: 805-808, 1972.
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Serial No. NHLI-117
1. Kidney & Electrolyte Metabolism
2. Electrolyte Transport
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The effect of chlorpropamide on the water permeability
response of the toad bladder to vasopressin.

Previous Serial No.: None

Principal Investigato3?s: Stefan Zgliczynski, M.D.
Joseph Handler, M.D.
Jack Orloff, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: Chlorpropamide, a sulfonyl urea derivative used for the

management of diabetes millitus, has been shown to be efficacious in the

management of pituitary diabetes insipidus. The drug reduces urine output
in approximately two-thirds of patients with this defect in vasopressin
secretion (S. Zglicz3mski, Polish Arch. Med. Wewn. 46: 549, 1971). On the
basis of earlier studies including those reported from this laboratory, it
is likely but not established, that chlorpropamide acts by stimulating
adenylate cyclase activity, thus increasing the intracellular concentration
of cyclic AMP. A recent report in abstract form states that although as

demonstrated in this laboratory, chlorpropamide alone enhances the water
permeability response of the toad bladder to vasopressin, it potentiates the

inhibition of this response by prostaglandin E^ (PGE]^) . It is the purpose
of this study to examine the effect of chlorpropamide on the effectiveness
of other inhibitors of the response to vasopressin and to examine the effect
of the same combination of agents on the response to theophylline, which
mimics vasopressin by inhibiting the destruction of cyclic AMP by the enzyme
cyclic nucleotide phosphodiesterase. Finally, the effect of chlorpropamide
alone and with other agents will be examined on the content of cyclic AMP in
the epithelial cells of the bladder and on adenylate cyclase and cyclic
nucleotide phosphodiesterase activity of broken cell preparations. It is

anticipated that the results of this study will yield further insight into
the mechanism of action of this drug in vasopressin responsive tissues.

Methods: Water permeability will be measured using the sac technique of
Bentley using concentrations of vasopressin and theophylline that evoke a

submaximal response. The cyclic AMP content of extracts of epithelial cells
scraped from the bladder will be measured using the protein kinase binding
assay of Oilman. Adenylate cyclase activity will be assayed by a modification
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as well as the effect of chlorpropamide and each inhibitor on the response

to theophylline. The enzjmie assays and measurement of cell cyclic levels

will also be performed.

Honors and Awards: None

Publications: None
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Serial No. NHLI-118
1. Kidney & Electrolyte Metabolism
2. Exp. Cardiovascular Diseases
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Cardioglobulin

Previous Serial Number: NHLI-177

Principal Investigators: Stephen Hajdu, M.D.
Edward J. Leonard, M.D.

Other Investigators: None

Cooperating Units: Biology Branch, NCI

Project Description:

Objectives:

To develop immunochemical assay methods for free and cell-
bound cardioglobulin; to apply these methods to the isolation
and purification of cardioglobulin components ; and to look for
cardioglobulin alterations in disease.

Methods Employed:

Isolated frog hearts were used for bioassay of rat and
human cardioglobulin components . Immunochemical and immune
fluorescence methods were used to identify cardioglobulin
antigens in solution and on tissue sites. Standard techniques
of protein fractionation were used to separate cardioglobulin
components from other serum proteins.

Major Findings:

Rat cardioglobulin-C . Last year we reviewed evidence that
an antiserum against a G-200 large molecular weight fraction of
rat serum (R-113) contained antibody to rat cardioglobulin-C
and that a cardioglobulin-C precipitin line (line-3) could be
identified. R-113 was used as a reagent for assay of cardio-
globulin-C protein by (1) formation of precipitin line-3 or
(2) inhibition by cardioglobulin-C fractions of R-113 antibody
binding to BC frog hearts or to rat skeletal muscle sections.
The R-113 antibody is detected on tissue sections with a
fluorescein-conjugated antibody. When R-113 is reacted in gel
against whole human serum a precipitin line is formed which
makes a line of identity with line-3. R-113 binds not only to
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BC hearts and rat skeletal muscle but also to human skeletal
muscle membrane. Absorption of R-113 with human serum causes
diminished antibody binding to BC hearts (i.e. to the heart-
bound rat cardioglobulin-C) . Thus R-113 can detect a serum
protein in both rat and human which has in common the capacity
to bind to autologous tissue membranes .

Isolation of human cardioglobulin components by frog heart (

bioassay . We have worked out standards for the three hximan

components: B-hearts , a C-fraction (0-15% sodium sulfate
precipitate) and an A-fraction (supernatant from the C-fraction)

.

With two of the three standards we can assay for activity of
one component. A activity is eluted from G-200 at 50-60% of
bed volume. However C activity appears to be split on (3-200

into two components, one of which is eluted in a narrow range
(albumin region) and the other of which is distributed so
widely that it must be heterogeneous (similar to the rat serum
precipitin line-3 component)

.

Significance to Biomedical Research and the Program of the
Institute ;

Although there is much speculation in scientific literature
about the possible role of calcium as a regulator of cell
functions, including secretory activity and motility, there is
practically no solid evidence. We have shown that cardio- I

globulin is a serum protein system that can affect transmembrane
calcium movement in isolated frog hearts. Isolation and
characterization of the components of this system and the
development of antisera to the components should enable us to
answer questions about its tissue localization and biological
function.

Proposed Course of Project:

Further purification of human cardioglobulin components

,

production of monospecific antisera to these components and use
of the antisera for studies of free and tissue-bound cardio-
globulin in human disease (Lupus erythematosus)

.

Honors and Awards : None

Publications: Hajdu, S., Posner, C. J., and Leonard, E. J.:
Isolation from rat diaphragm of a calcium- |
protein complex involved in excitation-contraction
coupling. Circ. Res. 29: 358-366, 1971.
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Serial No. NHLI-119
1

.

Kidney & Electrolyte Metabolism
2. Exp. Cardiovascular Diseases
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Selectivity and energy level of the binding
sites of the Excitation-Contraction system
in mammalian muscle.

Previous Serial Number: NHLI-177

Principal Investigators: Stephen Hajdu, M.D.

Other Investigators: None

Cooperating Units : None

Project Description:

Objectives

:

As has been shown (Hajdu, Posner, Leonard, Circ. Res. 29:
358-366, 1971) the Ca''"''" serving the excitation contraction
coupling (E-C) in heart and skeletal muscle originates from a

membrane system surrounding the muscle fiber immediately out-
side the electric membrane. On the basis of this and other
observations , the theory is advanced that this thin layer around
the muscle fibers, composed of the cardioglobulins , keeps up an
environment which contains Ca''"'' in considerably higher concen-
tration than between the muscle fibers . The concentration of
Ca"*"*" in this pool around the fiber is accurately set and is
independent from the plasma Ca"*""*". During depolarization Ca"*""*"

freely enters the fiber and triggers actomyosin into contraction.
Since this layer keeps up a Ca+''' concentration higher than in
the interfibrillar space, it must have the qualities of an active
transport system. Due to its exposed location (extracellular)
and to its property that the uptake and release of Ca"*""*" occur
as separate steps , this system appears to be an ideal model for
the study of the basic properties of an active ion transport
system.

Methods Employed:

Right hemi-diaphragms were dissected from Sprague-Dawley
rats. The muscles were suspended in a lucite bath filled with
Krebs bicarbonate solution. Isometric tension was registered
by transducers. Two experiments were carried out simultaneously:
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control and sxparimental

.

Tho baslo experimental procedure for all experiments
described can be summarized in the following steps:

I. Equilibration of diaphragms in Krebs solution.

II. Release of original Ga'*"*' involved in &-°C soupling by
oaffein (experimental) or washing the muscles in a Ga'^'^'-free
medium (control) .

Ill . Replacement of E-C Ca"*""*" by radioactive ions on empty
sites

IV. Removal of non-bound isotopes by washing with Ca"*"'"-free
Krebs solution (uptake measurements) or release of Ca'*^ by
second treatment with caffein (release measurements)

.

V. Preparation of muscles for counting of radioactive ions.

Major Findings:

Uptake of different ions by E-C sites . For this study
paired diaphragms were used in order to differentiate between
uptake of ions by E-C sites as opposed to other sites. The
treatment of control muscles from experimental muscles differs
only in part of step II, in which the E-C Ca"*""^ was released by
caffein in the experimental muscles, but not in the controls.
Increased uptake of isotopes above the controls in caffein-
treated experimental muscles indicates uptake by sites belong-
ing to the E-C system.

Significant uptake by caffein-treated muscles in comparison
with controls was found in the case of ^^Ca"*"*" (1934 c/min/mg) ,

109cd++ (1210 c/min/mg), 119sn++ (540/min/mg) and 40sr++ (248
c/min/mg) . All four ions have a 2+ nuclear charge and an atomic
radius between 0.9 - 1.1 A. The rest of the ions of group II
elements, either smaller or larger, did not show any binding.
This finding suggests that selectivity for the sites was based
on the nuclear charge and a size of the ion somehow linked to
the atomic diameter. Ions of the right size but with the
wrong charge, such as 22^3+ (0.97A) or 154eu+++ (0.98) showed
no binding by the E-C sites either.

Temperature dependence of binding and release of Ca"*"*" from
E-C sites . As is generally known, the fully hydrated size of
the ion has no relation to the atomic diameter. If the atomic
diameter is a factor in the selectivity of the E-C sites, the
ions should be at least partly dehydrated when their size is
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still proportional to the atomic radius. Separation of the
outer coordination sphere and leaving the ion with its inner
coordination sphere would satisfy these requirements. This,
however, would involve the expenditure of large amounts of
energy (hydration is exothermic) . With this purpose in mind,
the temperature dependence of the uptake and release of ions was
measured under physiological conditions. This was important,
particularly since regular binding of Ca"*""*" to protein { such as
bovine serum albumin) involves no measurable amount of energy.
The uptake of Ca^S was measured as outlined in the methods at
0, 7, 15, 22, 31 and 39°C. A sharp temperature sensitivity in
uptake was observed between 1-31°C. The logarithm of uptake of
Ca^5 plotted against 1/T gave a straight line, which allowed
calculation of the heat of association. This was found to be
8.2 kcal mole~l and Q]_o = 1.67. This is probably enough energy
for the separation of the outer coordination sphere and supports
our hypothesis that the selectivity of the E-C sites is based
on the nuclear charge and partially hydrated size of the ions
still proportional to the atomic radius.

In similar experiments (see outline in Methods) the release
of Ca45 of the E-C sites showed no temperature dependence, which
is in general agreement with the above theory.

The higher-energy bond (equivalent to ATP) between protein
and ions is a novel one and it is probably the prototype of
a bond characteristic only of transport systems. It enables a
site to bind the ion at any low ionic concentration, hold it
and release it against any high concentration, thus satisfying
one of the basic requirements expected of a transport system.
The energy of the bond is stored by the partial dehydration of
Ca"*""*". If this energy for the bond is only available on the low
ionic side of the membrane, as is suggested by the above results,
it also guarantees the asymmetric operation of the transport
system, i.e. the accumulation of ions on one side.

Proposed Course of Project:

Since other active transport systems are specifically
inhibited by cardiac glucosides, a study will be undertaken to
study the effect of these drugs on this Ca transport system.
In case of effective inhibition, it further proves that the
cardioglobulins are the functional proteins of a transport
system and on the other hand this study may yield important
results in connection with the mechanism of action of glucosides
on the molecular level.

Honors and Awards: None
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Publications: Hajdu, S., Posner, C. J., and Leonard, E. J.:
Isolation from rat diaphragm of a calcixom-
protein complex involved in excitation-contractioi
coupling. Circ. Res. 29s 358-366, 1971.
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ANNUAL REPORT OF THE
CARDIOLOGY BRANCH

NATIONAL HEART AND LUNG INSTITUTE
July 1, 1971 through June 30, 1972

The experimental interests of the Cardiology Branch developed over the
past few years have continued. These relate first to the biochemical, phyio-
logical and clinical problems of myocardial ischemia and coronary artery dis-
ease, and second, to the enzymatic and molecular mechanisms responsible for
modulating the contractile state of the heart. In addition, we are attempting
to develop the potentially enormous capabilities of echocardiography both to
accurately determine the contractile state of the heart and to define the
basic developmental pathophysiology, genetics, and epidemiology of idiopathic
hypertrophic subaortic stenosis.

CORONARY ARTERY DISEASE

Mechanisms of Sudden Death and Pharmacologic Treatment of the Prehospital
Phase of Acute Myocardial Infarction

a) Atropine in Acute Myocardial Infarction, Approximately 607« of the
deaths caused by acute myocardial infarction (AMI) occur within the first few
hours of onset of symptoms and before medical aid arrives. Since bradycardia
1) occurs in a high percentage of patients seen soon after the onset of AMI,
and 2) is believed to predispose to the development of ventricular ectopic
rhythms and ventricular fibrillation, it has been suggested that a substantial
decrease in the number of prehospital arrhythmic deaths would result if atro-
pine were administered shortly after the onset of ischemic sjrmptoms. We have
performed several studies to test this hypothesis.

1) AMI was produced in conscious closed-chest dogs by inflation of a

balloon cuff previously implanted around the left anterior coronary artery
(LAD) , and the effects of atropine on the incidence of arrhythmias and death

were determined. Arrhythmias, including ventricular fibrillation, tended to

develop more frequently in dogs treated with atropine than in randomly select-
ed control dogs. Moreover, arrhythmias occurred more frequently in dogs that

had spontaneous heart rates during occlusion that were less than 60/min than

in dogs with rates greater than 60/min.

2) To assess more critically the influence of bradycardia on the inci-

dence of arrhythmias during AMI, the same closed-chest dog preparation was

used; heart rate was held between 80 and 95 in the control group and between

40-60 in the bradycardia group (by vagal stimulation). Our preliminary data

do not indicate that bradycardia leads to an increased incidence of serious

ventricular arrhythmias during AMI.

3) The S-T segment response (obtained from implanted intramyocardial

electrodes) to repeated 5 to 15 minute occlusions of the LAD was studied at

hourly intervals in the same closed-chest conscious dog model. There was a

significant direct correlation between the percent increase in heart rate pro-

duced by atropine and the percent increase in total S-T segment elevation over

a heart rate range of 30 to 180 beats/min. Additional experiments demonstrated
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a close correlation between the degree of S-T segment elevation recorded by
intramyocardlal electrodes in a peripheral Bone of myocardial ischemia and

^

tissue oxygen tension measured polarlgraphlcally. Thus, increases in heart
rate in experimentally produced AMI are associated with increases in the de-

gree of myocardial ischemia.

4) In a study designed to identify the specific types of arrhythmias
that occur during the early phases of AMI and the relative efficacy of various
antiarrhythmic agents, we found that all dogs developing ventricular fibrilla-
tion had, as an antecedent event, ectopic ventricular beats that followed a

preceding beat (R-Rpvc interval) by 0,43 seconds or less; no dog with a ven-
tricular arrhythmia with R-Rpyfj intervals greater than 0.43 seconds developed
ventricular fibrillation. Using these data to define "benign" and "malignant"
arrhythmias we found that while benign arrhythmias were successfully suppress'-

ed by atrial pacing, atropine, or lldocalne, these interventions were only
occasionally successful against malignant arrhythmias. These experiments
demonstrate that 1) not all ventricular arrhythmias are potentially lethal, 2)

interventions may have very different effects on benign and malignant arrhyth-
mias, and 3) the clinical efficacy of antl -arrhythmic drugs cannot be based on
the assumption that a decrease in arrhythmia incidence is equivalent to a re-
duction In mortality.

5) Previous studies have purportedly shown that bradycardia and that
acute myocardial ischemia lower ventricular fibrillation threshold and in-
crease the temporal disparity of myocardial refractory periods, findings that
have led to the now commonly accepted concept that Increasing heart rate dur-
ing AMI protects against serious arrhythmias. However, the electrophysiologic
effects of a faster heart rate during AMI were never explored, an important
omission since we have shown that elevating heart rate during AMI increases
the degree of ischemic injury. Indeed, when we measured fibrillation thresh-
old and temporal disparity of refractory periods during AMI in open-chest dogs,
we found that fibrillation threshold was lower at faster heart rates and dis-
parity of refractory periods was greater. These results demonstrate 1) that
electrophysiologic changes caused by the combined effects of AMI and altera-
tions in heart rate cannot be predicted from the results of studies in which
these interventions are evaluated separately, and 2) that increasing heart
rate during AMI produces electrophysiologic changes that favor the development
of serious ventricular arrhythmias.

b) Arterial Pressure as a Determinant of the Degree of Myocardial Ischemia
Occurring During Coronary Occlusion. Hypotension may complicate the early
phase of AMI, To determine the effects of hypotension on the degree of is-
chemic injury, the LAD was occluded for 15-mlnute periods in our closed-chest
conscious dog preparation. When mean blood pressure was reduced an average of
40 mm Hg by venesection, the degree of ischemic Injury during AMI increased.
In contrast, less S-T segment elevation than control occurred during AMI when

(

mean airterial pressure was increased by 25 or 50 mm Hg, an effect that was
observed even when heart rate was held constant. When heart rate was allowed
to reflexly fall, S-T segment elevation was diminished further. Moreover, the
incidence of ventricular arrhythmias was not increased by the slower heart rate.
We conclude that in experimental AMI, a fall In coronary perfusion pressure
leads to deleterious myocardial effects while Increasing perfusion pressure
above control diminishes the degree of Ischemic Injury.
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As a result of the experience of the mobile coronary care unit (MCCU) in

Belfast, Ireland, it has become apparent that bradycardia frequently occurs

shortly after the onset of AMI. In light of our above finding indicating that

bradycardia per se is not deleterious in AMI but hypotension is, the potential

efficacy of atropine, self-administered at onset of AMI, would largely depend

on the frequency with which hypotension is associated with bradycardia. In

collaboration with the Montgomery County Heart Association we analyzed the

records of all patients transported by the Montgomery County MCCU over the

past 18 months. Of 84 patients with documented acute myocardial infarction,

24% had bradycardia. All of these patients survived transportation and hospi-
talization (10 of the 20 patients received no pharmacologic therapy other than
narcotics). Ten patients (12%) had systolic blood pressures less than or

equal to 90 mm Hg and bradycardia was an associated finding in five. Thus,
in a suburban-metropolitan population of the United States, bradycardia occurs
frequently during the prehospital phase of AMI. Although the overall incidence
of hypotension is low by the time a patient calls for medical aid, hypotension
is not uncommon in patients with bradycardia. The therapeutic implications
of these observations depend on an elucidation of the natural history of AMT
with bradycardia in the presence and absence of hypotension.

Nitroglycerin (TNG) generally is believed contraindicated in the treatment
of AMI because of the potential deleterious effects of a decrease in blood
pressure (and thereby coronary perfusion pressure) and reflex Increase in

heart rate. If TNG dilates coronary collateral vessels, however, its net ef-

fect may be beneficial. Using the closed-chest conscious dog, we discovered
that TNG did reduce the degree of ischemic injury occurring during AMI. When
methoxamine was administered at a dose that abolished the heart rate and ar-
terial pressure changes induced by TNG, the beneficial TNG effect on S-T seg-
ment elevation was enhanced. We conclude that in experimental coronary occlu-
sion 1) TNG reduces the degree of myocardial ischemia, and 2) this effect is

greatly potentiated by preventing the decrease in coronary perfusion pressure
and reflex tachycardia with methoxamine. These results suggest that TNG may
have an important effect on coronary collateral flow during AMI, an hypothesis
that we are testing in an isolated heart preparation in which myocardial O2
consumption, coronary collateral flow and coronary collateral perfusion pres-
sure can be measured.

c) Perfusion Arrhythmias as a Possible Cause of Sudden Death. Although it

generally is assumed that arrhythmias leading to sudden death in patients with
coronary artery disease occur as a result of coronary occlusion, several path-
ologic studies have shown that the frequency of finding fresh thrombi in dis-
eased coronary arteries decreases with decreasing intervals between the onset
of symptoms of myocardial ischemia and death. We found that serious arrhythmias
commonly developed seconds to minutes following release of coronary occlusion,
which in all instances disappeared Immediately after reoccluslon. Moreover,
in a series of separate experiments we found that brief periods of coronary
occlusion followed by release of coronary occlusion caused local release of
myocardial catecholamines. Thus, it is possible that sudden release of occlu-
sion, as might occur subsequent to lysis or dislodgment of a thrombus, may
cause some of the sudden deaths seen in AMI and thereby explain the lack of
correlation between sudden death due to CAD and the presence of occlusive
thrombi.
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d) Effects of Myocardial Hypoxia on Inotropic Agents. Hypoxia depresses

the concentration-response curve of norepinephrine in isolated cat papillary

muscles. However, we found that in the intact heart perfused by a normal cor-

onary system, the contractile responses to norepinephrine and isoproterenol

are augmented by hypoxia (p02 » 20-25 ram Hg, O2 saturation <=> 40%); in contrast,

responses to paired pacing are unchanged. Thus, hypoxia may open previously

nonfunctioning vascular channels and thereby permit more extensive distribu-

tion of circulating inotropic agents.

Angiotensin 11 and ssveral of Its analogues have direct positive Inotropic
,

effects. We found that the effects of some of these analogues are augmented

by hypoxia when tested In the cat papillary muicle preparation, Such an ef-

fect Is net observed In. the Intact heart perfused by normal coronary vessels,

presumably because these compounds also cause coronary constriction, The

vasoconstrictor property of angiotensin II appears to be related to the seventh

amino acid, proline. We are presently attempting to determine whether substi-

tution of alanine for proline results in elimination of vasoconstrictor prop-

erties with maintenance of hypoxia-potentiated inotropic actions. Such an

analogue may have clinical applicability in situations where diminished myo-

cardial oxygen delivery has caused refractory cardiac decompensation.

Surgical Therapy of Coronary Artery Disease

a) Hemodynamic Effects of Aorto-Coronary Bypass Grafts. Despite the enor-

mous number of aorto-coronary bypass grafts being performed worldwide, little

is known of the effects of operation on 1) the overall hemodynamic function of

the heart; 2) regional myocardial function; 3) the relation between intraoper-
ative vein graft flow, vein graft patency, and myocardial function; and 4) the (

incidence of intraoperative and early postoperative acute myocardial infarc-
tion. We therefore are evaluating the effects of aorto-coronary bypass graft
surgery in patients who have had cardiac catheterization one week to three
months prior to operation and one week to 9-1/2 months after operation. We
have to date analyzed overall hemodynamic function in 34 patients and found
that operation does not significantly alter the pimiping performance of the
heart. Moreover, several patients experienced obvious deterioration of re-

gional myocardial performance insofar as new areas of hypo- or akinesis have
appeared. Although we are still in the process of analyzing the data for an-

swers to the remainder of the above questions, it already is apparent that

aorto-coronary bypass operations may precipitate myocardial damage. Thus, the
argument that operation should be performed in the asymptomatic patient to

save viable muscle may not be valid,

b) Crescendo Angina, The effect of aorto-coronary bypass surgery on lon-

gevity is unknown. Since the average mortality of patients with coronary ar-

tery disease is about 5% per year, and since operative mortality is also about

57o, it is obvious that if the relative merits of operative and surgical thera- /

py were assessed in an unselected group of patients with coronary artery dis-
ease, many patients years would have to pass before reasonable conclusions
could be drawn. However crescendo angina may result in a six month mortality
of 257o in patients treated medically. Since operative mortality does not ap-

pear to be increased appreciably in this situation, the question as to whether
bypass grafts prolong life probably can be answered most effectively by a
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controlled study of the results of operation in this high risk group. We have

initiated such a study and hope to have an answer to this question within two

to three years.

Diet-Drug Intervention Study

One of the most important aspects of the coronary artery disease problem is

the development of a potent preventive approach. Evaluation of one such ap-
proach has been initiated in collaboration with the Lipid Metabolism Branch
and is known as the NHLI Type II Coronary Intervention Study. The primary ques-
tion we hope to answer is whether lowering blood cholesterol with diet and
cholestyramine in patients with Type II hyperlipoproteinemai beneficially
affects the atherosclerotic process. The major criterion we will employ to

answer this question is whether there is regression of anatomic disease or

evidence for slower progression, conclusions that will be based on coronary
arteriograms. With 200-250 patients we project the study can be completed
within two to five years.

MOLECULAR MECHANIS>E RESPONSIBLE FOR CARDIAC CONTRACTION AND
FOR ALTERATIONS IN CONTRACTILITY PRODUCED BY DISEASE

Myocardial Ischemia and Hypoxia

Studies are in progress relating to the sequence of subcellular changes as-
sociated with myocardial cell death occurring during myocardial ischemia. Of
the four subcellular systems studied in male rabbits in whom myocardial ische-
mia was produced for varying time periods, mitochondrial function deteriorated
most rapidly. Adenyl cyclase, sarcoplasmic reticulum ("relaxing system") and
(Na+ K) -ATPase deteriorated more slowly. Other experiments suggest that the
metabolic lesion is not in the citric acid cycle but resides on the oxygen
side of the electron transport chain. Moreover, uncoupling (in the classical
sense) was not present. Preliminary comparisons suggest that phosphorylation
mechanisms are altered before electron transport. Attempts to define the pre-

cise/ locus and nature of the defect may yield information required for the
design of interventions that might specifically inhibit these deleterious ef-
fects of ischemia.

Contractile Proteins

Previous studies have shown that platelets contain contractile proteins that
are similar on a molecular level to muscle actin and myosin. Work presently
in progress indicates that cloned fibroblasts also contain actin and myosin.
Using techniques that have been developed from working with fibroblasts, plate-
lets and rabbit skeletal muscle actin, we now plan to study cardiac muscle.
We are particularly interested in the role the various muscle proteins play in
cardiac contraction and the manner in which the interaction of these contrac-
tile proteins is controlled. Therefore we plan to study the role of the
troponin-tropomyosin complex, light myosin chains and cyclic AMP in cardiac
muscle contraction, as well as the growth characteristics of cultured cardiac
cells to determine whether this in vitro system can be employed to investigate
the determinants of cardiac hypertrophy in vivo.
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VALVIJUR MMftT MBMASE AND tfilGMfflta tt^MTROPHlC SUBAORTtd STENOSIS

Elucidation of the Determinants of Irreversible Myocardial FailuM

Although most patients with rheumatic valvular disease improve following
Sperative intervention, there are patients in. whom a dilated heart does not

regress and in whom any imprbvanetit in syiflpfeonis is minimal * We therefore ini-

tiated a study to define prospectively 1) whether a particular grouping of
preoperative functional derangements leads to prohibitive operative risks and
2) what type of derangements can be reversed or improved by operative aboli-
tion of the mechanical defect. Evaluation of myocardial function includes
ventricular volumes, LV mass, mean dv/dt, mean VCF, Vmaxj *^d max VCE as de-

termined by cardiac catheterization and echocardiography, and exercise testing.
These data, as well as operative risk, will also be correlated with the pres-
ence or absence of CAD.

Definition of the Genetic, Epidemiologic and Basic Pathophysiologic Defect
Present in Patients with IHSS

We have found that echocardiography is a potentially extraordinarily power-
ful technique in detecting subclinical forms of IHSS that heretofore could be
detected only by catheterization. For example, echocardiographic study of
patients with a wide variety of cardiac abnormalities has demonstrated that
the ratio between the thickness of the ventricular septum
and posterior LV free-wall is virtually never greater than 1.3. In contrast,
every patient we studied with IHSS has had a value exceeding 1.3. In several
patients the septal free-wall ratio was the only evidence of IHSS short of
catheterization. This ratio was abnormal even in patients who had no resting
gradients. In addition, we have studied the echocardiograms of patients with
IHSS to determine whether the distance between the hypertrophied ventricular
septum and the abnormally positioned anterior leaflet of the mitral valve pres-
ent during systole (a characteristic feature of IHSS) can be used to quanti-
tatively predict pressure gradient. A computed "obstruction index" (incorpor-
ating the degree and duration of narrowing) was found to correlate excellently
with simultaneously determined LV outflow pressure gradients. By employing
the obstruction index we believe we will be able to predict pressure gradient
from echocardiographic data alone to within 10% of the value simultaneously
determined at catheterization.

The power of this non-invasive technique has enabled us to undertake studies
to define the natural history of IHSS, as well as its genetics and epidemiolo-
gy. For example, our first two index cases had a total of 10 first degree
relatives, nine of whom we studied. All were reported to be free of heart
disease. We found definitive echocardiographic evidence of IHSS in three of
the nine relatives and presumptive evidence in a fourth.

I

Echocardiography may also enable us to define the pathophysiologic basis of
IHSS. Currently, IHSS is believed to be a diffuse cardiomyopathy involving
the entire LV. However, our preliminary data indicate that 1) while mean pos-
terior LV wall thickness in symptomatic patients with IHSS is greater than
normal, LV posterior wall thickness in long term postoperative IHSS patients
is normal; and 2) we have identified several asymptomatic family members of

(
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IHSS patients in whom the ventricular septxmi is hypertrophied, but unlike
their symptomatic propositi, the LV posterior wall is normal. Of importance,
these subjects have not as yet developed LV outflow obstruction. These pre-
liminary observations are consistent with the hypothesis that the specific
pathologic process of IHSS may be limited to the septum, and nonspecific hy-
pertrophy of the remainder of the LV occurs only after LV outflow obstruction
has developed. If this hypothesis is correct, it would have important impli-
cations regarding both the basic pathophysiology of IHSS and its surgical
therapy

.
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Serial No. NHLI-12Q
1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Technological Assessment of Echocardiography

Previous Serial Number: None

Principal Investigator: Chester Clark, M.D.

Other Investigators: Walter Henry, M.D.

Stephen E. Epstein, M.D.

Cooperating Units : None

Project Description: Echocardiography is being used with increasing
frequency to measure dimensions in human hearts. Despite the proliferation
of echocardiographic publications, however, the variables that affect the
measurement of ventricular wall thickness and ventricular volume have not
been adequately defined. Since echocardiography may have the capacity to

measure non-invasively the internal dimensions of the heart both statically
and as a function of time, its potential usefulness in cardiovascular
research is enormous. We are therefore attempting to systematically study
these variables and to define the limitations of this technique.

Two approaches are being used. One is to define the characteristics
of the tranducers commonly used. The other is to echo excised hearts in

a water bath to correlate thickness measurements with directly measured
dimensions. We have found that the most commonly used transducer, the
Aerotech gamma (2.25 MHz., 0.5 inch diameter piezoelectric crystal) has
a beam width at its source that is 10 mm in diameter and diverges with
distance in a cone-like manner. It appears that it is not focused as is

commonly believed. We also have found that reflections are obtained from
surfaces oriented 15 from the perpendicular. We are in the process of

developing a method to suspend excised hearts and see which structures give
rise to what kind of echoes. Once this is achieved we will be able to say
with more confidence what the limits of accuracy are in determining the
size of cardiac structures with echocardiography.

Proposed Course of Project: Project continuing

Honors and Awards : None

Publications: None
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Serial No. NHLI-121(c )

1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Use of Echocardiography to Define the Genetic Pattern
|

and Natural History of IHSS

Previous Serial Number : None

Principal Investigator: Chester Clark, M.D.

Other Investigators: Walter Henry, M.D.

Stephen E. Epstein, M.D.

Cooperating Units: None

Project Description: Although a considerable amount is known about the

hemodynamics of IHSS, Its genetic pattern and natural history are unclear.

This is due largely to the difficulty in making the diagnosis In all but

symptomatic Individuals. Thus, In two studies Involving over 200 patients

with IHSS, the disease was felt to be familial about 30% of the time.

However, these studies used conventional techniques and, of necessity,

catheterization. It Is therefore possible that once a more sensitive
|

marker of the disease is found a completely different genetic distribution

and natural history will become apparent.

In our preliminary studies, we have found that echocardiography is at

least as sensitive as cardiac catheterization in detecting IHSS, even in

patients who do not have any overt clinical manifestations of the disease.

The most sensitive mark of the disease is described in another report and

is based on the disproportionate hypertrophy of the ventricular septum

as compared to the posterior wall of the left ventricle. Thus, the septal

to posterior wall thickness ratio in 10 patients with IHSS averaged 1.6 ±

0.2, with a range of 1.3 to 2.4. No other cardiac abnormality we have

studied to date results in such asymmetric hypertrophy.

Using this technique we have undertaken a study in which we are

investigating as many of the first degree relatives of our patients with

IHSS as possible. Our first two index cases had a total of 10 first-

degree relatives, nine of which we studied. All were reported by the index

cases to be free of heart disease. We found definite echocardiographic ,

evidence of IHSS in 3 of the 9 relatives and presumptive evidence in a

fourth relative.

As a result of our preliminary experience, we believe that echocardio-

graphy will enable us to define the genetic pattern in IHSS and provide a

greater understanding of the natural history of the disease.

C

3t,i.



Serial No. NHLI- 121(c)

Proposed Course of Project: We will continue to study families until

a statistical pattern emerges.

Honors and Awards : None

Publications : None
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Serial No. NHLI- 122(c)
1. Cardiology ^

i, Clinical Physiology
3 1 Betheeda, Md.

Individual Project Report
July 1, 1971 through June 30, 1972

Project Title: Crescendo Angina: A Controlled Study of the Relative Effec- I

tiveness of Medical and Surgical Therapy

Previous Serial Nianber: None

Principal Investigator: Stephen E. Epstein, M.D,

Other Investigators: Chester E. Clark, M.D.
Jeffrey S. Borer, M.D.
D. Luke Clancy, M.D.
Samuel B. Itscoitz, M.D.
Edward B. Stinson, M.D.
Charles L. Mcintosh, M.D.
Andrew G. Morrow, M.D.

Cooperating Units: Clinic of Surgery

Project Description: Coronary artery bypass grafts are being employed with
increasing frequency in the therapy of various manifestations of coronary ar- (

tery disease. " However, the efficacy of this major procedure has never been
subjected to controlled study. Recently, reports of the use of coronary sur-
gery in crescendo angina have appeared in the literature. The results indicate
no greater operative or early post -operative mortality in this situation than
when the operation is employed for stable angina. The published figures from
the larger clinics indicate a 5-6% operative mortality in either situation.
The procedure is now being used routinely in several centers for therapy of
crescendo angina. However, follow-up studies are not yet available. The lit-
erature dealing with medical therapy, all antedating the era of the coronary
care unit, suggests that of patients with crescendo angina, anywhere from
seven to 30% will die within six months of the onset of symptoms. Presumably,
the patients who have received surgical therapy were faced with a likelihood
of death falling somewhere within this range prior to the decision to operate.
It would appear that if a rigorous definition of the syndrome were employed
the mortality rate of patients treated medically would be on the order of 25%
within six months. Thus, because of the relatively low immediate mortality as-
sociated with operation and the expectation of a high incidence of early death
in patients with crescendo angina treated medically, the evaluation of the

{

efficacy of coronary artery bypass grafting in prolonging life probably can be
achieved most effectively by a controlled study of the results of operation in
this high risk group. Patients admitted to this study will be between 35 and
70 years of age and will have no major medical problems or surgical risk fac-
tors besides symptomatic coronary artery disease.
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PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Proposed Course of Project: Continuing

Honors and Awards: None

Publications: None
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Serial No, NHLI-123 J

1. Cardiology ^j

2. Clinical Physiology
3. Betiiesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Experimental Acute Myocardial Infarction: Characterization
and Treatment of the Malignant Premature Ventricular Contraction

Previous Serial Number: NHLI-29

Principal Investigator: Stephen E. Epstein, M.D.

Other Investigators: G. David Beiser, MiD,
Douglas R. Rosing, M.D.

Richard B. Karsh, M.D,
James V. Talano, M.D,
Martin H. Miller

Cooperating Units: Computer Systems, Division of Conputer Reseairch and
Technology

Project Description: The majority of deaths from acute myocardial infarction
occur prior to the arrival of medical aid and appear to be due to ventricular

||

fibrillation. Since the premature ventricular contraction and bradycardia are
believed to predispose to ventricular fibrillation, it has been suggested that

the self-administration of atropine or lidocaine may effectively reduce mortal-
ity in acute myocardial infarction. To test the efficacy of these drugs in
treating arrhythmias during the early phase of myocardial infarction, we
studied 72 closed-chest conscious dogs in vAiich acute infarction was produced
by inflating a balloon cuff previously iii5)lanted around the left anterior
descending coronary artery. Ventricular arrhythmias developed in 52 dogs
either during occlusion or within two minutes of release of occlusion.
Arrhythmias were treated by 1) atrial pacing at 120, 2) atropine (to increase
heart rate to an average of 120 beats/min) , 3) lidocaine (2 mg/kg) , or 4)
atropine plus lidocaine. Of the 18 dogs that developed ventricular fibrilla-
tion, all had ectopic ventricular beats that followed a preceding beat (R-Rp„p
interval) by < 0,43 seconds; no dog with a ventricular arrhythmia with R-Rp^_,

intervals > 0.43 seconds developed ventricular fibrillation. On this basis
arrhythmias were defined as "benign" (R-Rp > 0,43 sec) or "malignant"
(R-Rp„„ < 0.43), Using this classification, we found that viiile benign arrhyth-
mias were successfully suppressed by pacing (9 of 11 arrhythmias) atropine f

(10 of 13) and lidocaine (3 of 5), pacing suppressed only 2 of 14, atropine 2

of 18 and lidocaine of 6 malignant arrhythmias. We conclude that 1) not all
ventricular arrhythmias are potentially lethal and 2) while pacing, atropine
and lidocaine successfully suppress most benign arrhythmias, they appear
relatively ineffective in suppressing those faster arrhythmias that frequently
lead to the precipitation of ventricular fibrillation.
Honors and Awards: None /
Proposed Course of Project: Conpleted ^
Publications: Submitted for publication ^ .



Serial Noo NHLI-124
lo Cardiology
2, Clinical Physiology
3, Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Quantification of Ventricular Regularization in Atrial

Fibrillation

Previous Serial Number: None

Principal Investigator: Robert E. Goldstein, M,D„

Other Investigators: Leonard Grauer, M,D«
Paul Tecklenberg, M.D.

Morton Raff, M,A„
Martin Miller, BpA.

Stephen E. Epstein, M.Do

Cooperating Units: Biometrics Branch, NHLI
Laboratory of Applied Studies, DCRT
Clinic of Surgery

Project Desciription: The ventricular response in patients with atrial

fibrillation is characteristically irregular. Detailed scrutiny of R-R
interval lengths however, has shown a tendency in certain individuals

for the length of adjacent R-R intervals to be equals Detection of this
subtle evidence of non-random ventricular response may be particularly
useful in evaluating alterations in the cardiac conduction system after
digitalis or other pharmacologic agents and possibly in predicting the

development of digitalis excesSo For this reason we have developed a
statistical method to quantify the extent to viiich equal adjacent R-R
interval lengths exceed random expectation. This method will then be
applied to electrocardiograph records (2000 consecutive R-R intervals)
obtained from patients in stable atrial fibrillation when digoxin therapy
is withheld and after digoxin is reinstituted. Results of the R-R inter-
vals length analysis will be compared with simultaneously determined
serum digoxin levels. Similar studies of the degree of regularization of
the ventricular response will also be conducted after atropine and during
exercise. The purpose of our study is 1) to observe the frequency and
extent of ventricular regularization during atrial fibrillation in the
absence of digitalis toxicity, 2) to observe whether ventricular regular-
ization might provide an index of digitalis activity (in addition to and
possibly independent of the influence of digitalis on mean ventricular
rate) , and 3) to evaluate the ability of influences other than digitalis
to modify ventricular regularization. Such information may be helpful in
analyzing the degree of ventricular regularization in individuals suspected
of manifesting digitalis toxicity and in guiding the course of digitalis
ther^y in individuals where response of the mean ventricular rate is not
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Serial No. NHLI-125
1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Effects of Bradycardia Upon the Occurrence of Ventricular Ar-

rhythmias during Myocardial Infarction in Dogs

Previous Serial Number: None

Principal Investigator: Robert E. Goldstein, M.D.

Other Investigators: Eldon W, Smith, M.D,

Richard B. Karsh, M.D.

David R. Redwood, M.D.

Gary Farnham, M.D.

Stephen E. Epstein, M.D.

Cooperating Units: None

Project Description: In the past bradycardia occurring during acute myocardial

infarction has been thought to predispose to the development of serious ventric-

ular arrhythmias. This concept has been called into question, however, by re-

cent studies which demonstrated that decreases in heart rate (in the absence

of associated hypotension) are associated with a reduction in ST segment eleva-

tion resulting from myocardial ischemia. Further investigation showed that ac-

cleration above normal heart rate after atropine actually increased the inci-

dence of serious ventricular arrhythmias and that temporal dispersion of ex-

citeability is iicreasai in ischemic ventricular myocardium at fester heart rates,

a change which may predispose to the development of arrhythmia. To determine

whether bradycardia actually leads to an increased incidence of ventricular

arrhythmia in the ischemic canine heart, lightly sedated dogs with balloon cuffs

previously implanted about the left anterior descending artery were subjected

to myocardial ischemia by cuff inflation. Concomitantly, heart rate was held
between 80 and 95 in the control group and between 40 and 60 in the bradycardia

group by electrically stimulating the cervical vagus. Hypotension was not ob-

served in any animal. Electrocardiographic monitoring continued for a one hour
period of occlusion and for a 10 minute period following release of occlusion.

Of 15 animals in the control group four had close-coupled ventricular premature
contractions (VPC's) or ventricular tachycardia (heart rate greater than 140)

during occlusion and 8 had these arrhythmias following release of occlusion.
Of the 13 animals in the bradycardia group two had close-coupled VPC's or ven-
tricular tachycardia with occlusion and seven had similar arrhythmias on re-

lease. Thus, at this early phase of our study, there is no indication that
vagally induced bradycardia leads to an increased incidence of serious ventric-
ular arrhythmias during myocardial ischemia in the dog.

Proposed Course of Project: Project continuing.

Honors : None

Publications: None 1 36

z



Serial No. NHLI-126
1, Cardiology
2, Clinical Physiology
3, Bethesda, Md,

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Effects of Nitroglycerin and Methoxamine on Ischemic Changes

and on Coronary Collateral Flow in the Isolated Canine Heart,

Previous Serial Number: None

Principal Investigator: Robert E. Goldstein, M.D.

Other Investigators: B. Gregg Brown, M.D. , Ph.D.
Stephen E. Epstein, M.D.

Cooperating Units: None

Project Description: Recent studies have suggested that administration of
nitroglycerin ani methoxamine may attenuate electrocardiographic changes noted
In the acutely Ischemic canine heart. However, these studies failed to indi-

cate unequivocally whether this beneficial Influence resulted from reduction
in the metabolic requirements of the myocardium or from enhanced bloow flow to

critically ischemic portions of myocardium, possibly through an influence on j
intercoronary collateral blood flow. To discriminate between these two possl- fj

bilities an Isiolated heart-lung preparation was devised with provision for the
Instantaneous measurement of coronary arteriovenous oxygen difference, coronary
blood flow rate and myocardial oxygen consumption. In these preparations the
left anterior descending artery is llgated with perfusion of the segment distal
to the ligature. Periods of ischemia are produced by occlusion of the perfu-
sion cannula. The effects of ischemia are evaluated utilizing ST segment el-
evation in appropriately placed eplcardlal electrodes, pressure in the coronary
artery distal to occlusion (peripheral coronary pressure) and the retrograde
flow from the distal coronary artery when vented to atmospheric pressure. Oc-
clusions are performed in the absence of drug and following the administration
of nitroglycerin or methoxamine. Because the heart is isolated from the periph-
ery it is anticipated that neither drug will significantly alter measured values
of myocardial oxygen consumption. Therefore a beneficial effect on ST segment
changes after ischemia must necessarily be related to changes in coronary col-
lateral flow, an effect that would be further docimiented by the ability of col-
laterals to sustain pressure and flow in the occluded coronary segment. The
experimental model has been worked out and data are presently being accxmiulated.

Proposed Course of Project: Project continuing

Honors: None

Publications: None
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Serial No. NHLI-127
1. Cardiology
2. Clinical Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Tile: Cardiac Effects of Tolbutamide

Principal Investigator: Leonard E. Grauer, M.D.

Other Investigators: Melvin L. Marcus, M.D.
Ira D. Goldfine, M.D.
Stephen E. Epstein, M.D.

Cooperating Units: Diabetes Section, National Institute of Arthritic and
Metabolic Diseases

Project Description: Recent findings have suggested that patients with diabetes
mellitus treated with tolbutamide have an increased risk of cardiac death. To
determine the possible mechanisms responsible for this association, we studied
the effects of tolbutamide on isometrically contracting cat and human papillary
muscles. The human papillary muscles were obtained at the time of mitral valve
replacement.

Increasing concentrations of tolbutamide (2 x 10"" to 2 x 10~-^M) produced a
progressive but small increase in isometric tension in the cat papillary muscle
preparation. The maximum increase in developed tension produced by tolbutamide
was less than 20% of the increase in developed tension produced by either paired
stimulation or 10"^M norepinephrine. Tolbutamide had no demonstrable inotropic
effect in the less sensitive human papillary muscle preparation.

Tolbutamide also was found to inhibit phosphodiesterase in a variety of tis-
sues, including cat myocardium. Since phosphodiesterase catalyzes the degrada-
tion of cyclic AMP, drugs that inhibit phosphodiesterase might be expected to
potentiate the inotropic effects of compounds that alter contractility by sri-iu-

lating adenyl cyclase activity. Thus, the inotropic actions of norepinephrine
might be enhanced by further increasing cyclic AMP levels. When studied in the
cat papillary muscle, however, it was found that tolbutamide did not potentiate
the inotropic effects of norepinephrine.

Thus, tolbutamide, when administered acutely, has only a small positive ino-
tropic effect. Moreover, since it does not potentiate the inotropic effects
of norepinephrine, it seems unlikely that tolbutamide would potentiate the ar-
rhythmogenic effects of catecholamines. It is, of course, possible that th^
cardiac effects of tolbutamide are more pronounced when the drug is administered
chronically or that it has important reflex-mediated effects on cardiac function.
Nevertheless, the results of the present investigation suggest that any in-
creased risk of cardiac death in patients with diabetes treated with tolbutamide
is not caused by any direct effect of tolbutamide on the heart or an altered
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sensitivity of the heart to catecholamines.

Proposed Course of Project: Completed

Honors and Awards : None

Publications: ARTICLE PUBLISHED IN A PERIODICAL:

Ross, J., Prout, T. E. , Goldfine, I. D. , Wolfe, S. M. , Meunzer, J., Grauer,

hi B» and Marcus, M. L. : Sulfonylureas: Effects in Vivo and in Vitro.

Arm, Int. Med . 75: 607-621, 1971
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Serial No. NHLI-128(c)
1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS -NTH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Bradycardia and Its Complications in the Prehospital Phase of

Acute Myocardial Infarction

Previous Serial Number: None

Principal Investigator: Leonard E. Grauer, M,D.

Other Investigators: Barton J. Gershen, M.D.

Michael M, Orlando, Ph.D.
Stephen E. Epstein, M.D.

Cooperating Units: Montgomery County Heart Association

Project Description: As a result of the experience of the mobile coronary
care unit (MCCU) in Belfast, Ireland, it has become apparent that bradycardia
frequently occurs shortly after the onset of acute myocardial infarction. This
observation has led to the hypotheses that 1) bradycardia may be an important
risk factor during the prehospital phase of acute myocardial infarction by pre-
disposing to the development of both serious arrhythmias and hypotension, and
2) that atropine, administered by the patient himself while awaiting the ar-
rival of medical aid, might substantially reduce mortality.

It was the purpose of the following investigation 1) to determine the in-
cidence of bradycardia occurring shortly after the onset of acute myocardial
infarction in patients transported by an MCCU located in a suburban-metropoli-
tan area of the United States, 2) to determine the incidence of hypotension
occurring with and without bradycardia during this phase of acute myocardial
infarction, and 3) to describe in some limited fashion the course of the patient
treated and transported by this mobile unit.

The records of 84 patients with acute myocardial infarction treated and
transported by the mobile coronary care unit (MCCU) of Montgomery County,
Maryland, were studied. Twenty patients (24%) had bradycardia, and 10 of these
20 received no pharmacologic therapy other than narcotics. All 20 survived
transportation and hospitalization, while seven of the 64 patients without
bradycardia died. Ten patients (127o) had systolic blood pressures < 90 mm Hg,
and bradycardia was an associated finding in only five of these. Thus, only
six per cent of patients had hypotension associated with bradycardia. Al-
though more comprehensive information must be obtained regarding the incidence
and natural history of acute myocardial infarction with bradycardia in the pres-
ence and absence of hypotension, our results cast some doubt on the concept
that the prophylactic administration of atropine would result in a substantial
reduction in mortality during the prehospital phase of acute myocardial infarc-
tion.
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Proposed Course of Project: Completed

Honors and Awards : None

Publications: In preparation
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PHS-NIH
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July 1. 1971 through June 30, 1972

Project Title: Measurement of Left Ventricular Volume by Echocardiography

Previous Serial Number: None

Principal Investigator: Walter L, Henry, M.D,

Other Investigators: Leonard E. Grauer, M.D.

D. Luke Clancy, M.D,

David Redwood, M.D,

Stephen E, Epstein, M.D,

Cooperating Units: None

Project Description: Over the past 10 years, angiography has been shown to be

an accurate method for the measurement of left ventricular volume in man.

While the technique is accurate, it has several limitations. These limitations

include a small but definite risk to the patient, an inability to measure se-

rial changes in left ventricular (LV) volume, a depressant effect of angio-

graphic dye on LV function, and the unavoidable utilization of complex and

costly equipment. As a result of these limitations, a variety of other methods

have been investigated to measure LV volume in man. The most promising of

these newer techniques uses echocardiography to measure the transverse LV di-

mension. It has been observed by some investigators that when this transverse

LV dimension is cubed, a close correlation is found with angiographically meas-

ured LV volume. While the echocardiographic method resolves all of the limita-

tions of the angiographic technique, it may suffer in accuracy. Since the

transverse LV dimension is cubed, small errors in the measurement of that di-

mension will result in larger errors in calculated LV volume. As a result of

our concern about the accuracy of this technique, we have developed a stand-

ardized method for defining a reproducibly identifiable transverse LV dimen-

sion and are measuring this dimension in the cardiac catheterization labora-

tory within 5 minutes of LV angiography. Since previous echocardiographic
studies have not employed a standardized technique and have been performed on

the day prior to LV angiography, we believe that this study will provide a more
realistic assessment of the accuracy of echocardiographically measured LV vol-

tmie. Other studies are also being performed to determine the sensitivity of

the technique in terms of the magnitude of volume changes that can be detected.

If the technique is in fact both reasonably accurate and sensitive, it will
allow the investigation of the effect of a wide-range of influences on LV size

including the effects of disease, disease progression, drugs, posture, and ex-

ercise.

Proposed Course of Project: Correlations between angiographic and echocardio-

1 3 7i^



Serial No. NHLI-129(c)

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Ifaphic volumes will be ^SSeisBed in a large ttumhef ©f paliefife§ t#ifeh §L ¥afi§fiyi

§1 cardiac abnormalities

•

M@n@f§ afid Mmii§i Notig

Publications s None

(

37^



Serial No. NHTJ-1 3 Q(c)
1. Cardiology
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July 1, 1971 through June 30, 1972

Project Title: Posterior Left Ventricular Wall Thickness in IHSS

Previous Serial Number: None

Principal Investigator: Walter L. Henry, M.D.

Other Investigators: Chester Clark, M.D.
Stephen E. Epstein, M.D.

Cooperating Units: None

Project Description: Although symptoms in patients with IHSS are usually re-

lated to left ventricular (LV) outflow obstruction caused by a disproportion-

ately hypertrophied ventricular septum, IHSS is believed to be a diffuse car-

diomyopathy involving the entire LV. The fact that several patients in whom
LV outflow obstruction spontaneously disappeared have died as a result of

severe diffuse congestive heart failure supports such a view. Based on the

concept that IHSS is a diffuse cardiomyopathy it has been suggested that sur-

gical intervention is not justified since the diffuse myocardial deterioration

will presumably continue and eventually result in congestive heart failure de-

spite the surgically-induced abolition of the LV outflow gradient. This view
of operative therapy is reasonable if the hypothesis regarding the diffuse

nature of IHSS is correct. However, long-term postoperative followup of over

70 patients at the NIH suggests that the marked sjmiptomatic improvement occur-

ring shortly after surgery in almost all patients has been maintained for many

years

.

To determine whether IHSS is a diffuse cardiomyopathy or is localized to

the interventricular septum, we are measuring LV posterior wall thickness in

symptomatic IHSS patients, asymptomatic family members and long-term postoper-
ative IHSS patients. This study has become feasible since the technique of

echocardiography enables septal and LV posterior wall thickness to be measured
non-invasively as often as is necessary. Our working hypothesis is that if the

disease is not a diffuse and progressive cardiomyopathy, the mean LV posterior
wall thickness would be normal both early in the course of the disease be-

fore LV outflow obstruction develops (for example in patients who have echo

evidence of septal hypertrophy but no other manifestations of IHSS) and in

IHSS patients who have had relief of the obstruction by surgery. While our
data are still preliminary, several trends are emerging. Thus far, mean pos-
terior LV wall thickness in symptomatic patients with IHSS is greater than nor-
mals and essentially equal to mean posterior LV wall thickness in patients with
other forms of LV outflow obstruction. In contrast, LV posterior wall thick-
ness in 3 long-term postoperative IHSS patients are all within the range of
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normal. In addition, we have Identified several asymptomatic family members
of IHSS patients In whom the Interventricular septum is hypertrophied; unlike
the symptomatic propositi, however, the LV posterior wall Is normal. Moreover,^
mitral valve echocardiograms are normal In these subjects, suggesting that LV
outflow obstruction is not present.

These preliminary observations are consistent with the hypothesis that the
basic abnormality In IHSS Is not a diffuse and progressive cardiomyopathy.
Rather, it would appear that the specific pathologic process of IHSS may be
limited to the septum and that non«Bpeclfie hypertrophy of the remainder of
the LV occurs only after LV outflow obstruction has developed. If this hy-
pothesis Is correct, it would have important implications regarding both the
basic pathophysiology of IHSS and its surgical therapy.

Proposed Course of Project; Several complete families of patients with IHSS
will be studied as well as those postoperative IHSS patients who have survived
5 years or longer. In addition, arrangements have been made to correlate pre-
operative and intraoperative echocardiographic studies with electron-micro-
scopic studies performed on septal and free wall biopsies.

Honors and Awards: None

Publications; None
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Project Title: Factors Affecting the Operative Mortality in Aortic Valvular

Disease

Previous Serial Number: None

Principal Investigator: Walter L. Henry, M.D.

Other Investigators: Chester Clark, M.D.
Robert E. Goldstein, M.D,

Samuel B. Itscoitz, M.D.
Leonard E. Grauer, M.D.

David R. Redwood, M.D.

D. Luke Glancy, M.D.

Stephen E. Epstein, M.D.
Andrew G. Morrow, M.D.

Edward B. Stinson, M.D.

Charles Mcintosh, M.D.

Cooperating Units: Clinic of Surgery

Project Description: The purpose of this study is to define prospectively
those preoperative factors that indicate an increased operative risk or that

irreversible myocardial dysfunction has occurred. All patients 18 years old

or over admitted to the Cardiology Branch for aortic valve replacement will be
evaluated. Patients with significant involvement of other valves will not be

considered. Preoperative and 6-month postoperative assessment will be based
mainly on data obtained by cardiac catheterization (including coronary arterio-

graphy) and echocardiography. Evaluation of myocardial function will include
ventricular volumes, LV mass, mean dv/dt, mean VCF, Vmax ^i^d ™^^VCE' These
data, as well as operative risk, will also be correlated with EKG, X-ray,
phonocardiogram, and exercise testing.

Ten patients have been assessed preoperatively but not have yet reached
the six-month postoperative assessment point. We expected a sample size of

50-100 patients.

Proposed Course of Project: Project continuing.

Honors and Awards: None

Publications: None
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3, Bethesda, Md.

FHS-NIH
Individual f^ojeet Repotfe

July 1, 1971 thfeuih June 30, 1972

Project Title: Echocardiographic Diagnosis of IHSS by Detection of Asymmetrical I

Septal Hypertrophy

Previous Serial Number: None

Principal Investigator: Walter L. Henry, M.D.

Other Investigators: Chester Clark, M.D.
Joyce Bryant, B.S.
Stephen E. Epstein, M.D.

Cooperating Units: None

Project Description: IHSS is a disease characterized by variable subaortic
obstruction to left ventricular outflow that in most patients can be diagnosed
at the bedside by characteristic physical findings. In other patients, par-
ticularly those without resting pressure gradients, the physical, electrocardi-
ographic, and roentgenograph ic findings may be unimpressive and the diagnosis
difficult unless cardiac catheterization is performed. Recently we have found
that echocardiography, a non-invasive technique, can be used to measure septal
and LV posterior free-wall thickness. The present study was undertaken to de-
termine if echocardiography could be used to detect asymmetrical septal hyper-
trophy, a finding that at postmortem examination has been shown to be a sensi-
tive and specific abnormality in patients with IHSS, Up to the present time,
12 normaLg, 14 patients with LV outflow obstruction (exclusive of patients with
IHSS) , and 62 patients with a wide variety of cardiac abnormalities have been
studied. In these patients the mean septal-posterior free wall ratio was 1.06
with only 1 of 88 patients having a ratio greater than 1.3. In contrast, 11
patients with catheterization-documented IHSS had a mean septal-posterior free
wall ratio of 1.6; every patient had a value exceeding 1.3. In some patients,
the septal -free wall ratio was the only evidence of IHSS short of catheteriza-
tion. The ratio has been found to be abnormal even in patients who at cathe-
terization have no resting gradient. Thus, this ratio is a sensitive and spe-
cific method for non-invasively diagnosing IHSS and is well suited for both
family screening studies and followup studies of affected individuals.

Proposed Course of Project: Completed

Honors and Awards: None

Publications: Manuscript being prepared.
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1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Ineffectiveness of Prophylactic Atropine in Decreasing

Arrhythmias and Enhanicng Survival Following Acute Coronary

Artery Occlusion in Conscious Dogs.

Previous Serial Number : None

Principal Investigator: Richard B. Karsh, M.D,

Other Investigators: Michael Orlando, Ph. D.

Douglas Norman, B.S.

Stephen E. Epstein, M.D.

Cooperating Units: None

Project Description: Sudden death occurring shortly after acute myocardial

infarction probably results from ventricular fibrillation. Since increased

heart rate suppresses some ventricular arrhythmias, self-administration of

atropine at onset of acute myocardial infarction has been advocated as a

measure to reduce acute myocardial infarction mortality. To test this

hypothesis, acute myocardial infarction was produced in 55 conscious,

closed-chest dogs by inflation of a balloon cuff previously implanted

around the left anterior descending coronary artery. Ten minutes after

occlusion, 28 dogs were treated with atropine, maintaining heart rate

between 90 and 120/minute. After one hour occlusion was suddenly released;

after ten minutes the left anterior descending coronary artery was re-

occluded two more hours. _^___
Results: Occlusion Arrhythmias Release Arrhythmias VF (death)

Controls 48% 64% 18%

Atropine treated 93% 88% 39%
The treated dogs consistently displayed a greater tendency than the control

dogs to develop arrhythmias, including ventricular fibrillation. Moreover,
arrhythmias occurred more frequently in dogs that had spontaneous heart
rates during occlusion that were < 60/miil than in dogs with rates >60/min.
We conclude that 1) slow heart rates following experimental acute myocardial
infarction are associated with a decreased risk of developing arrhythmias
and sudden death than higher rates and 2) atropine tends to increase the

incidence of arrhythmias during experimental acute myocardial infarction.
If these results are applicable to man, routine administration of atropine
may not only be without benefit, but may even be deleterious in some

patients with acute myocardial infarction.
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Serial No. NHLI-134
1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Control of Heart Rate in Hyperthyroid Cats

Previous Serial Number: NHLI-16

Principal Investigator: Kenneth M. Kent, M,D., Ph.D.

Other Investigator: Theodore Cooper, M.D., Ph.D.

Cooperating Units: None

Project Description: The heart rates of anesthetized or alert hyperthyroid
animals are increased, as are the intrinsic frequencies of contraction of
hearts isolated from such animals. However, we have found that the basal
heart rates of intact unanesthetized cats, in which the electrocardiogram
was monitored by telemetry, were not different from those of normal cats.
Basal heart rates were obtained by telemetry from the cats in the early
morning hours while the cats remained in their cages. Any disturbance of
the cats caused exaggerated increases in heart rates as compared to control
animals. These observations can be explained by the hypothesis that the
negative chronotropic effect of the vagus is enhanced in hyperthyroid cats.
This enhancement could have two mechanisms. First, the frequency of vagal
nerve discharge could be increased, or second, the hyperthyroid hearts
could be more sensitive to acetylcholine (Ach) , the neurotransmitter. The
latter hypothesis was tested in isolated perfused hearts from hyperthyroid
cats. Although several cardiac actions of Ach are enhanced in hearts from
hyperthyroid cats, the negative chronotropic effects of acetylcholine on
atrial preparations are the same in control as in hyperthyroid myocardium.
Therefore, the slower Jjl vivo rates as compared to in vitro rates of
hyperthyroid hearts appears to be due to increased vagal activity.

Proposed Course of Project: Project continuing.

Honors and awards : None

Publications: None
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Serial No. NHLI-135
1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Correlation between Changes in Tissue Oxygen Tension and ST
Segment Elevation in Acute Myocardial Ischemia

Previous Serial Number: None

Principal Investigator: Kenneth M. Kent, M.D., Ph.D.

Other Investigators: Eldon R. Smith, M.D.^

David R. Redwood, M.D.
Stephen E. Epstein, M.D.

Cooperating Units : None

Project Description: We recently have found that changes In the elevation of
ST segments recorded from Intramyocardlal electrograms have been extremely
useful In assessing the effects of various Interventions on the degree of myo-
cardial ischemia produced during coronary artery occlusion. However, our con-
clusions have been based on the assiunptlon that the degree of ST segment ele-

g
vation accurately reflects the degree of myocardial ischemia. This assumption!
seemed reasonable since other workers have shown that epicardial ST segment
elevation correlates with myocardial damage assessed by creatine phosphokinase
activity in the Ischemic myocardium. However, no information was available
concerning Intramyocardlal electrograms, a technique better adapted to the
closed-chest studies we have been Interested in. Therefore, the purpose of

the following study was to assess the correlation between tissue oxygen ten-

sion (measured polarographically) and ST segment elevation of intramyocardlal
ventricular electrograms.

Acute myocardial ischemia was induced by ligation of the left anterior
descending coronary artery in anesthetized open-chest dogs. The ischemic area
was divided into a central zone where ischemia was maximal, and a peripheral,
partially ischemic zone. Intramyocardlal electrodes were introduced into each
zone, and a glassy carbon oxygen electrode was placed on the epicardial sur-

face just above the intramyocardlal electrode. Oxygen tension was measured by

the current flowing through the glassy carbon electrode with application of
a polarizing voltage of 0.6 volts. In the central ischemic zone tissue oxygen
tension fell to zero following coronary occlusion and was not changed with |

any interventions. In the peripheral zone, however, there was an excellent
correlation between the tissue oxygen tension and the degree of ST segment
elevation recorded by the intramyocardial leads. Thus, increasing the heart
rate to 170 during acute myocardial ischemia led to an average ST segment ele-
vation of 6 mv and a p02 of 24% of the control, whereas when heart rate was
reduced to 60/min the average ST elevation was only 2 mv and tissue p02

i
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July 1, 1971 through June 30, 1972

increased to 65% of control.

These results provide validation of our initial methodology and also
offers a more direct means of assessing experimentally- induced changes in tis-

sue oxygenation.

Proposed Course of Project: Further studies are in progress at the present
time to evaluate the response of tissue oxygen tensions to interventions that
have been shown previously to influence the degree of myocardial ischemia as

determined by ST segment elevation.

Honors and Awards : None

Publications; None
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July 1, 1971 through June 30, 1972

Project Title: Effects of Hypoxia on the Cardiac Mechanical and Metabolic
Responses to Inotropic Interventions

Previous Serial Number: NHLI-17

Principal Investigator: Kenneth M. Kent, M.D.,Ph.D.

Other Investigators: Stephen E. Epstein, M.D.
Theodore Cooper, M.D., Ph.D.

Cooperating Units : None

Project Description: Hypoxia has been found to depress the concentration-
response curve of norepinephrine in isolated cat papillary muscles. To in-

vestigate the effects of hypoxia in intact hearts, a heart-lung preparation
was developed and maximum left ventricular dp/dt was measured at constant
heart rate, preload and afterload. Left anterior descending or circumflex
coronary arterial flow was measured with an electromagnetic flow probe. As

|

arterial p02 decreased from 90 mm Hg (96% saturation) to 20-25 mm Hg (40%
saturation) at constant pC02 and pH, no change in maxiimim dp/dt occurred and
coronary arterial flow increased 3-4 times. In contrast to cat papillary
muscles, the contractile responses to norepinephrine were augmented in hypoxia.
The dose-response curves shifted to the left so that 50% maximum response
occurred at 2 x 10~6g in hypoxia and 5 x 10~6g under control conditions
(P<0.05). Maximum dp/dt increased 320% at maximum response to norepinephrine
in hypoxia as compared to 150% under control conditions (P < 0.001). No

deterioration of contractility occurred following exposure to norepinephrine.
In contrast, the chronotropic response was unaltered in hypoxia. Dose-response
curves to isoproterenol also were shifted to the left in hypoxia, but responses
to paired pacing were unchanged. Although the mechanism responsible for

these effects is unknown, the results suggest that hypoxia may open previously
non- functioning vascular channels and thereby allow more extensive distribu-
tion of circulating inotropic agents.

Metabolic responses to hypoxia have also been studied in the above

preparation. As arterial saturation was decreased from 95 to 40%, no change
in maximum left ventricular dp/dt or left ventricular end-diastolic pressure
(LVEDP) occurred. Coronary flow increased 324 + 40%, and lactate consumption
rose slightly (control 6 mg/min, 40% saturation 11 mg/min) . At an arterial
saturation of 35% there were no significant additional increases in coronary
flow and lactate consumption fell to essentially zero. At this arterial
saturation, however, there were significant increases in maximum dp/dt that

were transient; LVEDP was unchanged. At an arterial saturation of 31 + 2%

«

3it



Serial No. NHLI-136

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

no further augmentation of coronary flow occurred; lactate was now produced
by the nQrocardiiun, and a significant increase in left ventricular end-diastolic
pressure (18 + 6 mm Hg) occurred followed by a fall in maximum dp/dt. In
this model the increased coronary flow sustained oxidative metabolism and
contractile activity at an arterial saturation below 40% even when contractile
force was increased 200% by norepinephrine or paired pacing. At an arterial
saturation of 35%, although no further augmentation of coronary flow occurred,
control contractility increased (possibly as a result of local norepinephrine
release). At an arterial saturation of 31% the increased coronary flow was
insufficient to maintain oxidative pathways, lactate production ensued, and
contractility fell.

Proposed Course of Project: Completed

Honors and Awards: None

Publications: Sutmitted for publication.
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of InoCrople Agents ; Analogues of Angiotensin IZ

Previous Serial Number: None

frinelpal mv&§Hg&to¥i Kenneth M. Kent, M,D., fh.O,

Other Xnveetlgatori; fheodort Goodfrltnd, M.fi,

Theodore Cooper, M.D. , Ph.D.
Stephen E. Epstein, M.D,

Cooperatini Units; Department of Pharmacology, University o£ Wisconsin,
Madison, Wisconsin

Project Description: Angiotensin XI and several of its analogues have direct
positive inotropic effects which for some compounds is even greater in hypoxia,

Biochemically, these polypeptides bind specifically to submitochondial phos-
phorylating particles from beef heart and increase the rate of phosphorylation,
the tightness of coupling (respiratory control), and resistance to "aging". M
It is conceivable, therefore, that these agents may preferentially stimulate
mitochondrial activity when oxygen tensions are reduced, such as might occur
during ischemia produced by coronary occlusion. Unfortunately all of the com-
pounds that have been tested have coronary vasoconstrictor properties and di-

minish coronary flow under hypoxic conditions. This action probably is re-
sponsible for the fact that hypoxia potentiates the inotropic effect of these
compounds in the papillary muscle preparation, but not in the intact heart.

The vasoconstrictor property of angiotensin II appears to be related to
the seventh amino acid, proline. There is preliminary evidence that manipula-
tion of this amino acid, namely the substitution of alanine for proline, di-
minishes the vasoconstrictor activity of angiotensin II, Further studies are
planned to determine whether this substitution results in elimination of vaso-
constrictor properties while inotropic activity is maintained. If this turns
out to be the case, it is possible that this new analog may have clinical ap-
plicability in situations where diminished myocardial oxygen delivery has re-
sulted in cardiac decompensation.

Proposed Course of Project: Continuing
"

Honors and Awards: None

Publications: ARTICLE PUBLISHED IN A PERIODICAL:
Kent, Kenneth M, , Goodfriend, Theodore L. , McCallum, Zena T, , Dempsey,
Peter T, , Cooper, Theodore: Inotropic agents in hypoxic cat myocardium, ^
Circ. Res , 30: 196-204, 1972 ^
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PHS-NIH 2. Clinical Physiology

Individual Project Report 3. Bethesda, Maryland

July 1, 1971 through June 30, 1972

Project Title: The Deleterious Electrophysiologic Effects Produced by Increas-

ing Heart Rate During Experimental Coronary Occlusion

Previous Serial Number: None

Principal Investigator: Kenneth M. Kent, M.D., Ph.D.

Other Investigators: Eldon R. Smith, M.D.

David R. Redwood, M.D.

Stephen E, Epstein, M.D.

Cooperating Units: None

Project Description: Previous studies have shown that bradycardia and that

acute myocardial ischemia (AMI) lower ventricular fibrillation threshold and

increase disparity of myocardial refractory periods, findings that have led to

the now commonly accepted concept that increasing heart rate during AMI pro-

tects against serious arrhythmias. However, the electrophysiologic effects of

a faster heart rate during AMI were not explored, an important omission since

elevating heart rate during AMI increases the size of ischemic injury. We,

therefore, examined fibrillation thresholds and disparity of refractory periods

during AMI in open-chest dogs at heart rates of 60 and 180/min. AMI was pro-
duced by ligating the left anterior descending coronary artery. Disparity of

refractory periods was assessed by introducing supra-threshold impulses at

multiple electrodes in the ischemic area. As previously shown, in the absence
of AMI average fibrillation threshold was slightly higher at faster heart rates
(180/min=54ma; 60/min=50 ma) and disparity of refractory periods was lower
(180/min=ll msec; 60/min=29 msec). However, opposite changes occurred during
AMI. Thus, fibrillation threshold was lower at faster rates (180/min=36 ma;

60/min=60 ma) and disparity of refractory periods was greater (180/min=63 nsec;

60/min=28 msec) . These results demonstrate 1) that electrophysiologic changes
caused by the combined effects of AMI and alterations in heart rate cannot be
predicted from the results of studies in which these interventions are evalu-
ated separately and 2) that increasing heart rate during AMI produces electro-
physiologic changes that favor the development of serious ventricular arrhyth-
mias. Thus, currently held concepts regarding the supposed deleterious arrhyth-
mic effects of bradycardia occurring during AMI in man may be in error; indeed,
bradycardia may exert beneficial effects.

Proposed Course of Project: Continuing

Honors and Awards: None

Publications: None
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Project Title: The Msleeulaf' lequgfiei tQ dell Death in Adult: Mafiuaalisin Heart

ffevieue §ei-lal INIiMa^girs NRIjI^II

f^ifietpal lfive§felgafe©5ei! 6e§rg§ B. MndgiMayiif , m.d., Ph.D.

Other Investigators J None

Cooperating Units: None

Project Description: The present investigation was designed to determine the
sequence of subcellular changes associated with myocardial cell death, defined
as that state in which the mechanisms for cell-repair are irreversibly damaged
Male rabbits were sacrificed by cervical dislocation and the hearts were left
in situ for varying times. Of the four subcellular systems studied, mitochon-
drial function deteriorated most rapidly. The rapid deterioration was unrelat
ed to the mode of death since similar rates of mitochondrial damage were ob-

served after asphyxia, cardiectomy, abdominal aortic hemorrhage and KCl arrest
Adenyl cyclase, the sarcoplasmic reticulum ("relaxing system") and (Na + K)

-

ATPase deteriorated much more slowly. Other experiments suggested that the
mitochondrial defect was a true in situ change and not an isolation artifact
insofar as: a) the changes were observed with three different isolation media; ^
b) relative change was independent of homogenization energy or time; c) the M
ratio of O2 uptake rate in the presence to that in the absence of ADP was inde-
pendent of protein concentration - - thus, dilution by non-mitochondrial pro-
tein does not explain the defect.

In addition, similar changes in mitochondrial function were observed when
glutamate, P-hydroxybutyrate, pyruvate or succinate were used as substrates.
This indicates that the metabolic lesion is not in the citric acid cycle and
suggests that the defect resides in the oxygen side of the electron transport
chain. Since ADP:0 did not rapidly change, uncoupling (in the classical sense)
was not present. However, preliminary comparisons suggest that phosphorylation
mechanisms are altered before electron transport.

These results indicate that the first change indicative of myocardial
death may be a mitochondrial lesion in the (coenzjmie Q, cytochrome b) - cyto-
chrome a3, phosphorylation sites II-III region. Studies are in progress to
define components of ischemia (e.g. , anoxia, pH, ion shifts, edema, etc.) which
favor damage. Attempts to define precise cause, locus and nature of defect
may yield information required for the design of specific preventive (retard- /

ing) interventions.

Proposed Course of Project: Continuing

Honors and Awards: None

Publications: None
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July 1, 1971 through June 30, 1972

Project Title: The Role of Cyclic AMP in Norepinephrine-Induced Changes

in Myocardial Contractility.

Previous Serial Number: NHLI-10

Principal Investigator: Melvin L. Marcus, M. D.

Other Investigators: Leonard E. Grauer, M.D.

John W. Hirshfeld, Jr., M.D.

Gopal Krishna, Ph.D.

Stephen E. Epstein, M.D.

Cooperating Units: Laboratory of Clinical Pharmacology

Project Description: The effects of catecholamines on myocardial contract-

ility are thought to be mediated via increases in the intracellular level

of cyclic AMP that result from stimulation of adenyl cyclase. In an

attempt to examine this hypothesis more thoroughly, the simultaneous
effects of norepinephrine on myocardial contractility and on tissue levels

of cyclic AMP were studied employing the isometrically contracting cat

papillary muscle. All experiments were performed at 37°C with the muscles
at the peak of their length-tension curve (^ax) . The effects of three
concentrations of norepinephrine (1 x 10"

, 1 x 10'
, and 1 x 10"^) were

studied. The papillary muscles were then quickly frozen with cold
isopentane, measured, weighed, and assayed for cyclic AMP by the Gilmore
method.

Control levels of cyclic AMP in the cat papillary muscle were found

to be 1.5 + 0.15 pcM/mg tissue. A concentration of 1 x lO' M norepinephrine
produced an increase in both myocardial contractility and cyclic AMP
within 5 seconds. A concentration of 1 x 10~°M norepinephrine had a

positive inotropic effect within 10 seconds, but a significant increase
in cyclic AMP concentration could not be demonstrated until 20 seconds
had elapsed. A concentration of 1 x 10"°M norepinephrine had a slight

positive inotropic effect within 20 seconds, but no change in tissue
cyclic AMP concentration could be demonstrated during the two minutes of

study.

Measurements of the mechanical function of the papillary muscle were
very precise and paired data analysis permitted the demonstration of

very small changes in inotropic state. The measurements of cyclic AMP
were less sensitive, however, because of less precision in the assay,
variations in control values, and the lack of paired data. Thus it is

i^l
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apparent that high concentrations of norepinephrine produce increases in

both tissue cyclic AMP levels and the inotropic state of the muscle. At

lower and more physiologic norepinephrine concentrations, however, a

meaningful study of the relationship between norepinephrine induced

changes in inotropy and tissue cyclic AMP is not possible because of the

marked differences in the sensitivity and precision of the methods used

to measure these two parameters

.

Proposed Course of Project: Completed

Honors and Awards : None

Publications: None

I
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PHS-NIH
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July 1, 1971 through June 30, 1972

Project Title: Mechanism of Action of the Inotropic Effects of Theophylline

Previous Serial Number: NHLI-12

Principal Investigator: Melvin L. Marcus, M.D.

Other Investigators: C. Lynn Skelton, M.D.

Leonard E. Grauer, M.D.

Stephen E. Epstein, M.D.

Cooperating UnitsL None

Project Description: Theophylline is thought to exert its positive ino-

tropic effect on the heart by increasing the intracellular levels of cyclic
3'

,
5 '-AMP through inhibition of phosphodiesterase. To investigate this

hypothesis, the effects of theophylline on the contractile function of

isolated cat papillary muscles were studied. In isotonic experiments,

theophylline (2.5 x lO" M) caused a marked shift in the force-velocity

curve upward and to the right from control levels. In quick release

experiments, the modulus of series eleasticity was unchanged by 2.4 x 10"-^

M theophylline. In isometric experiments, theophylline (2.5 x 10"° -

2.5 X lO" M) caused concentration- related increases in tension and rate of

tension development that averaged 2.8 + 0.3 gm/mm (P 0.001) and 9.7 + 1.4

gm/mm /sec (P^O.OOl) at the peak concentration. Unlike norepinephrine

and dibutyryl cyclic AMP (agents believed to work through the cyclic AMP

system), time to peak tension development (TTP) was increased. Propranolol

(1 X 10" M) caused a shift in the concentration-response curve to the right,

and prior reserpinization decreased the peak inotropic effect of theophylline

by more than 40%. Therefore, the inotropic effects of theophylline are

partly due to a direct effect and partly to norepinephrine release. Since

theophylline lengthens TTP, its direct inotropic effects either must not

be mediated by cyclic AMP, or if they are, then the drug must have additicn-

al effects on the contractile mechanisms.

Proposed Course of Project: Completed

Honors and Awards : None

Publications

:

Melvin L. Marcus, M.D., C. Lynn Skelton, M.D., Leonard E. Grauer, M.D.,

Stephen E. Epstein, M.D., Mechanism of Action of the Inotropic Effects of

Theophylline: American Journal of Physiology: In Press
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Project Title: The Effects of Atropine on the Degree of Myocardial Ischemia
During Coronary Occlusion in the Conscious Dog

Previous Serial Number: None

Principal Investigator: David R. Redwood, M.D., M.B, , M.R„CoP.

Other Investigators: Eldon R. Smith, M.D,
Stephen E. Epstein, M.D,

Cooperating Units: None

Project Description: Atropine is frequently employed in patients with acute
myocardial ischemia to treat bradycardia-induced arrhythmias. It is not
taiown, however, whether the atropine-induced increase in heart rate has any
deleterious effect on the degree of myocardial ischemia. To avoid the tachy-
cardia present in open-chest anesthetized dogs, we studied the S-T segment
response (obtained from 10-12 in^jlanted intran^rocardial electrodes) to i
repeated five to 15-minute occlusions of the left anterior descending
coronary artery at hourly intervals in closed-chest conscious dogs in which
we previously had implanted an inflatable balloon cuff around the left anter-
ior descending artery. Occlusions were conducted in random order 1) at control
heart rate (avg 95/min) , 2) with atropine pretreatment (.005-. 05 mg/kg iv)

,

and 3) during atrial pacing. Repeated control occlusions caused no change in
the degree of ST segment response, Mien compared to control occlusion there
was a significant correlation between the per cent increase in heart rate pro-
duced by atropine and per cent increase in total S-T elevation (y = 0,89 x
+ 5.00, r = ,95, P < ,001), There was no significant difference between the
increase in ST elevation with occlusion following atropine and that following
occlusion during rate-matched atrial pacing.

To determine if an increase in heart rate fran even slower control rates
(as might occur in some patients with acute myocardial infarction) also was
deleterious, various degrees of bradycardia were induced by vagal stimulation
during episodes of n^rocardial ischemia. Similar results were obtained: i.e.,
there was a direct relationship between increases in heart rate from 30 to

95 beats/min and increases in ST segment elevation.

We conclude that if the degree of ST elevation reflects severity or
extent of ischemia, increases in rate in experimentally produced acute myo-
cardial ischemia are associated with increases in the degree of myocardial
ischemia. Thus, if atropine is believed indicated in the patient with acute
myocardial ischemia, the lowest effective dose should be used and excessive

increases in rate avoided.
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Honors and Awards: Non@

Publieations!

ARTICLE PUBLISHED IN PERIODICAL:

Redwood, D. R„ , Smith, E.R, , and Epstein, S.E. : Coronary artery occlusion
in the conscious dog: effects of alterations in heart rate and arterial
pressure on the degree of myocardial ischemiao Circulation. In press.

- 2 - 3fS~



Serial No. NHLI-143
1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Beneficial Effects of Nitroglycerin on the Degree of

Myocardial Ischemia Occurring During Coronary Occlusion

Previous Serial Number: None

Principal Investigator: David R. Redwood, M.B., M.R.C.P.

Other Investigators: Eldon R. Smith, M.D.

William E. McCarron, M.D.

Stephen E. Epstein, M.D.

Cooperating Units: None

Project Description: It is generally believed that nitroglycerin is contra-

indicated in acute myocardial infarction because of the potential deleterious

effects of a decrease in coronary perfusion pressure and reflex Increase in

heart rate. To define the effects of nitroglycerin during acute myocardial

ischemia, 15-minute periods of coronary occlusion were produced in conscious

dogs by inflating a balloon cuff previously implanted around the left anterior ||

descending coronary artery. The degree of myocardial Ischemia was estimated

by sumraating the ST segment elevation (1.ST) recorded from 12 myocardial

electrodes. In seven dogs myocardial ischemia was produced during control

arterial pressure and heart rate and during intravenous nitroglycerin (100-200

mcg/min) , an intervention that produced an average decrease in arterial pres-

sure of 14 mm Hg and increase in heart rate of 19 beats/minute. After 15

minutes of control myocardial ischemia, 1ST elevation averaged 85 mv. Nitro-

glycerin resulted in an average decrease in^ST of 13 mv (P < 0.005). To

determine whether the beneficial effect of nitroglycerin was mediated by

decreased afterload, arterial pressure was lowered by phlebotomy in four dogs

so that systolic, diastolic and mean pressures were not different between

occlusions during nitroglycerin and during hemorrhage. Heart rate was held

constant by atrial pacing. l-ST was less than control during nitroglycerin

(-16 mv, P < 0.01) but greater during hemorrhage (+27 mv, P < 0.005). We

conclude that in experimental acute coronary occlusion, nitroglycerin dimin-

ishes the degree of ischemic injury, an effect not related to a decrease in

afterload. Whether nitroglycerin dilates collateral vessels under these cir-

cumstances remains to be determined. These findings may have important impli- ^
cations in the treatment of acute myocardial infarction in man.

Proposed Course of Project: Completed

Honors and Awards : None

Publications: Manuscript in preparation. a
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Project Title: The Combined Effect of Nitroglycefin and Methoxamlne

on the Degree of Myocardial Ischemia During Acute
Coronary Occlusion in the Conscious Dog

Previous Serial Number: None

Principal Investigator: David R. Redwood, MoB, , MoR„CoPo

Other Investigators: Eldon R, Smith, MoD,
Stephen E^ Epstein, MoD.

Cooperating Units: None

Project Description: Nitroglycerin is believed to be contraindicated in

acute myocardial infarction because it decreases coronary perfusion pres-
sure and causes reflex tachycardia. Despite these deleterious actions,

however, we have shown recently that nitroglycerin causes a net decrease in
the degree of nty^ocardial ischemia during experimentally produced acute
coronary occlusion. We therefore h3rpothesized that the beneficial effect
of nitroglycerin on myocardial ischemia might be potentiated if the fall
in coronary perfusion pressure and the reflex tachycardia were prevented
by the simultaneous administration of methoxamine. To test this hypothesis,
acute myocardial ischemia was produced in six conscious dogs by repeated
15-minute occlusions of the left anterior descending coronary artery,
effected by inflating a balloon cuff previously implanted around the LAD.
The degree of myocardial ischemia was estimated by summating ST elevation
recorded from 12 myocardial electrodes. Nitroglycerin, 200-400 mcg/min,
decreased mean arterial pressure 13 mm Hg and increased heart rate 21 beats/
min. ST elevation after 15 minutes of n^rocardial ischemia following nitro-
glycerin was less than during control occlusion (mean diff 26 + 11%, P<.05).
When the systolic and diastolic arterial pressure and heart rate changes
induced by nitroglycerin were reversed by the simultaneous infusion of
methoxamine, 10-30 mcg/min i.v. , less ST elevation occurred during acute
niyocardial ischemia than with nitroglycerin alone (mean diff, 30 + 10%, P <
.05), We conclude that in experimental coronary occlusion 1) nitroglycerin
reduces the degree of myocardial ischemia, 2) this effect is greatly poten-
tiated by preventing the decrease in coronary perfusion pressure and reflex
tachycardia with methoxamine, and 3) the beneficial effects of nitroglycerin
seem to be mediated largely by dilatation of coronary collaterals. These
findings may have important implications in the management of acute myocardial
ischemia in man.

Course of Project: Completed
Honors and Awards: None
Publications: Manuscript in preparation.
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Project Title: The Role of Arterial Pressure as a Determinant of Myo-
cardial Ischemia During Coronary Occlusion in the
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Previous Serial Number: None

Principal Investigator: Eldon R. Smith, M«D,

Other Investigators: David R. Redwood, M.B., M.R.C.P.
Stephen E« Epstein, M,D,

Cooperating Units: None

Project Description: H3^otension frequently complicates sinus bradycardia
occurring during acute myocardial ischemia. To deteimine the relative
effects of bradycardia and h3rpotension on the degree of ischemic injury,

the left anterior descending coronary artery was occluded for 15-jninute

periods in nine closed-chest conscious dogs by inflating a balloon cuff
previously implanted around the left anterior descending coronary artery.
The degree of myocardial Ischemia was estimated by summatlng the ST
segment elevation recorded from 12 myocardial electrodes. Myocardial ischemia
was Induced at control heart rates (avg 102/min) and during bradycardia
(avg 56/min) produced by electrical stimulation of the right vagus nerve.
Hypotension was produced by venesection (avg decrease of mean blood pressure
56 mm Hg), >7hen myocardial ischemia was Induced during hypotension and
bradycardia, ST elevation totaled 83 mv. When heart rate was increased to
control levels in the presence of hypotension, ST elevation during myocardial
ischemia was greater (mean difference 14 mv, P < ,05). In contrast, when
blood pressure was increased to control in the presence of bradycardia, ST
elevation was less (19 mv, P < „02) than during hjrpotension and bradycardia,
Wien both blood pressure and heart rate were increased to control levels,
ST elevation during myocardial ischemia was the same as with hj^otension
and bradycardia. Thus, during experimental acute myocardial ischemia
h3?potension increases ischemic injury and bradycardia reduces it. We conclude
that v^en bradycardia is associated with h3rpotension in acute myocardial
ischemia, increase in heart rate, if not accompanied by correction of hjrpo- ^.
tension, may be deleterious to the myocardium.

™

Proposed Course of Project: Conqileted
Honors and Awards: None
Publications:

ARTICLE PUBLISHED IN PERIODICAL:
Redwood, D.R. , Smith, E.R. , and Epstein, S.E.: Coronary artery occlu-

sion in the conscious dog: effects of alterations in heart rate and arterial
|^

pressure on the degree of nryocardial ischemia. Circulation, In press. ^
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Project Title: Effects of Increased Arterial Pressure on the Degree of
Myocardial Ischemia During Coronary Occlusion in the

Conscious Dog

Previous Serial Number: None

Principal Investigator: Eldon R, Smith, M.D.

Other Investigators: William E. McCarron, M.D.

David R. Redwood, M.B, , MoR.C.P.
Stephen E. Epstein, MoD,

Cooperating Units: None

Project Description: H3^otension increases the degree of myocardial ischemia
during acute coronary occlusion. To determine the effects of increased
arterial pressure on the degree of ischemia, we occluded the left anterior
descending coronary artery for 15-minute periods in ten closed-chest conscious
dogs by inflating a balloon cuff previously implanted around the left anterior
descending coronary artery. The degree of myocardial ischemia was estimated
by summating ST segment elevation recorded from 12 myocardial electrodes.
Heart rate was held constant by atrial pacing and arterial pressure was in-
creased by phenylephrine infusion. After 15 minutes of myocardial ischemia
at control mean arterial pressure, ST elevation averaged 97 mv. Less ST
elevation than control occurred when mean arterial pressure was increased
by 25 (-20%, P < .005) and 50 mm Hg (-17%, P < .005). A 75 mm Hg increase
produced no difference in ST elevation from control. When mean arterial pres-
sure was increased 25 mm Hg (3 dogs) and heart rate not controlled (average
decrease 50/min) ST elevation averaged 53% of control (P < .02).

Despite this beneficial effect on the degree of ischemic injury, the net
effect of increasing blood pressure on mortality during acute ischemia might
be deleterious if the resulting reflex slowing of heart rate predisposed to
the development of malignant ventricular arrhythmias. To study the effect of
phenylephrine on arrhythmias during acute myocardial ischemia, occlusion was
maintained for 60 minutes (11 dogs). After 40 minutes of myocardial ischemia
or 5 minutes of arrhythmia, mean arterial pressure was increased by phenyl-
ephrine (average, 37 mm Hg). Despite reflex bradycardia (-29 beats/min) , no
increased tendency to develop ventricular arrhythmias occurred either during
myocardial ischemia or following release of occlusion. We conclude that in
experimental acute myocardial ischemia, increasing coronary perfusion pres-
sure exerts beneficial effects on the degree of ischemic injury that outweigh
the potential deleterious effects of increasing afterload (and therefore MV0„)„
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Project Title: Nitroglycerin Ointment in the Prevention of Angina Pectoris

Principal Investigator: Nathaniel Reichek, M.D.

Other Investigators: Robert E. Goldstein, M.D.
Stephen E, Epstein, M.D.

Cooperating Units: None

Project Description: Since the discovery over one century ago that nitrates
are extremely effective in the treatment of patients with angina pectoris, in-

vestigators have been seeking analogues that would afford the patient more
prolonged relief against ischemic pain than the short-acting nitrate prepara-
tions commonly employed. Although many "long-acting" nitrates are being ad-

ministered to patients with angina pectoris, critical assessment of what was
believed to be the most effective of these (isosorbide dinitrate-Isordil)
failed to demonstrate a significantly different duration of action compared to

that of nitroglycerin.

One of the "long-acting" nitrate preparations which, for one reason or
another, has fallen into disrepute, is nitroglycerin ointment. This prepara-
tion is applied to the intact skin through which the active component is well
absorbed. Despite the rather low esteem with which this method of administer-
ing nitroglycerin is held, its efficacy has never been tested in a rigorous
manner. As a result of favorable preliminary clinical experience, we believed
it would be important to initiate a study to determine whether or not this
technique held any promise for affording the patient long term relief.

Patients are being studied employing our standardized protocol in which
patients exercise upright on the bicycle ergometer at individually chosen
levels of exercise with 20 watt increments every three minutes until the on-

set of angina. Placebo and active drug are applied on alternate days in a

randomized, single-blind fashion. In 9 patients tested to date, a significant
increase in exercise tolerance has been present one hour after application of
the active drug, but not after placebo. There is also a tendency for exercise
tolerance to be prolonged after 3 hours, a duration of action which is far
longer than that of sublingually administered nitroglycerin or isosorbide
dinitrate.

These preliminary data suggest that nitroglycerin ointment may be an ef-
fective means of treating patients suffering from refractory angina pectoris.

Proposed Course of Project: Additional patients will be tested over the next

1 ye/
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Project Title: Hemodynamic Effects of Aorto-Coronary Bypass Grafts in
Patients with Coronary Artery Disease

Previous Serial Number: None

Principal Investigator: Richard L. Shepherd, M,D,

Other Investigators: D, Luke Clancy, M.D.
Stephen E, Epstein, M.D.
Edward B, Stinson, M.D,
Gordon N. dinger, M.D.
Samuel B. Itscoitz, M.D.

Cooperating Units: Clinic of Surgery

Project Description: Despite the enormous number of aorto-coronary bs^pass

grafts being performed world-wide, little is known of the effects of
operation on 1) the overall function of the heart as assessed by hemodynamic
parameters; 2) the functional integrity of various regions of the heart per-
fused by the different coronary arteries; 3) the relation between intraoper-
ative vein graft flow, vein graft patency, and myocardial function; and 4)

the incidence of intraoperative and early postoperative acute myocardial
infarction.

To more precisely define the limits of this operation, we are evaluating
the effects of aorto-coronary bypass graft surgery in 34 patients v*io have had
cardiac catheterizations one week to three months (average 2 months) prior to
operation and one week to 9.5 months (average 5 months) after operation. The
patients have been divided into three groups: those with all grafts patent
(17 patients): those with all grafts occluded (8 patients); and those with at
least one graft occluded (9 patients). Of the 57 grafts performed, 35 are
patent (61%). We have to date anals^zed overall hemodynamic function and
have found that operation did not significantly alter cardiac output, left
ventricular end-diastolic pressure, stroke volume, stroke work, left ventri-
cular systolic and end-diastolic volumes, and ejection fraction. We have found
several patients v*io have experienced obvious deterioration of regional myo-
cardial performance insofar as new areas of hypo- or akinesis have appeared.
We are in the process of quantitating the frequency with which this complica-
tion has occurred. We also are in the process of correlating intraoperative
vein graft flow, patency rate, and regional myocardial performance as well as
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determining the incidence of intraoperative and early postoperative acute

myocardial infarction.

Although our results are still preliminary, it already is apparent that
aorto-coronary bjrpass operations may precipitate myocardial damage. Thus,

the argument that the operations should be performed in the asymptomatic
or minimally symptomatic patient in order to save viable muscle may not be

valid. Rather, the relative merits of this operation would appear to be
based first, on its already rather well docvimented beneficial symptomatic
effects and second, on its as yet unknown effects on longevity.

Proposed Course of Project: Continuing

Honors and Awards: None

Publications: None
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Project Title: Non-Invasive Determination of the Pressure Gradient in

Patients with Idiopathic Hypertrophic Subaortic Stenosis

Previous Serial MM>ar: None

Principal Investigator: Walter L, Henry, M,D,

Other Investigators: Chester Clark, M.D.
Stephen E. Epstein, M.D,
D. Luke Glancy, M.D.

David R. Redwood, M.D,
Samuel B. Itscoitz, M.D.

Richard L. Shepherd, M.D,

Cooperating Units: None

Project Description: The variable obstruction to left ventricular outflow
in idiopathic hypertrophic subaortic stenosis is thought to be caused by
an abnormal forward movement of the anterior mitral valve leaflet during

ventricular systole resulting in narrowing of the aortic outflow tract be-
tween the anterior mitral valve leaflet and the asymmetrically hypertrophied
interventricular septum. This abnormal leaflet motion has been demonstrated
angiographically and subsequently confirmed by echocardiography. The latter

technique is particularly useful since it allows a beat-by-beat recording of
both the anterior mitral leaflet motion and the mitral valve-septal distance.
The abnormal systolic mitral valve motion has been described previously as
only being seen v*ien an LV outflow gradient is present and disappearing when
the gradient is absent.

These echo observations were made on the day prior to cardiac catheter-
ization and are difficult to interpret in view of both the highly variable
nature of the LV outflow obstruction and some of our own angiograms that
show the leaflet abnormality in patients without a resting LV outflow pres-
sure gradient. More importantly, no studies have been published correlating
mitral valve-septal distance with the degree of LV outflow obstruction in
quantitative terms.

In order to determine v/hether the mitral leaflet motion or the mitral
valve-septal distance can be used as a non-invasive assessment of the degree
of LV outflow obstruction, echocardiograms are being obtained in patients
with idiopathic hypertrophic subaortic stenosis during diagnostic cardiac
catheterization. Anterior mitral leaflet motion and the mitral valve-septal
distances as measured by echocardiography are being compared with
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simultaneously recorded LV outflow pressure gradients under a variety of

conditions. Using data obtained from 30 individial cardiac cycles in four

patients with variable pressure gradients, it has been possible to compute

an obstruction index vftiich incorporates the degree of narrowing of the

septal-mitral valve distance as well as the duration that this narrowing

occurs. This index was plotted against the simultaneously determined LV
outflow pressure gradients over a range of pressure gradients between

and 160; the correlation coefficient was 0,97 (P < ,00}), enabling us to

take additional patients and accurately predict the pressure gradient from
echocardiographic data alone to within 10% of the value simultaneously

determined at catheterization. If further studies confirm these observations,

this non-invasive technique will provide us with a powerful tool to determine

the natural history of idiopathic hypertrophic subaortic stenosis as well as

the acute and long-term effects of pharmacologic and surgical interventions.

Proposed Course of Project: Six patients have been studied with plans to

stuG^ m. ad^tlonal ei^t to ten patients.

Honors asvA Awards: None

i
Publications : None ^

I
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ANNUAL REPORT OF THE
CLINIC OF SURGERY

NATIONAL HEART AND LUNG INSTITUTE

July 1, 1971 through June 30, 1972

The clinical and laboratory programs of the Surgery Branch have, as

in past years, largely centered upon the study of operative methods for

the correction of congenital and acquired heart and lung diseases, assess-

ment of the results of such operations, and laboratory studies related to

cardiovascular physiology and pharmacology.

Mitral Valve Replacement - The Present Status of Patients Operated

Upon 7-11 Years Ago : More than half of the patients referred to and operated

upon by the staff of the Surgery Branch require replacement of one or more

cardiac valves. The first ball valve prosthesis was implanted in the mitral

position in November 1961, and in the ensuing three and one-half years

isolated mitral valve replacement was carried out in 100 patients. A detailed

report of the experience with these first 100 patients was published in 1966,

and described the preoperative and early postoperative clinical and hemo-

dynamic findings. In recent months a continuing followup assessment has

been made of the results of the operation in these patients, who are now 7

to 11 years after operation. Eighty-three of the patients survived operation

and were discharged from the hospital; 52 of them are presently alive.

Seventy- six percent of the operative survivors were alive after five years,

and 64% after eight years. The principal cause of death in the 31 patients

who have died late after the operation has been related to the presence of

the prostheses. Thus, perivalvular leak (one patient), thrombosis of the

valve (two patients), degeneration of the silastic poppet (two patients),

systemic arterial emboli (eight patients), infective endocarditis (two

patients) , and intracerebral hemorrhage due to anticoagulants (one patient)

.

In the remaining patients late death was principally attributable to residual
uncorrected valve disease. Residual tricuspid regurgitation was a predominant
cause of congestive heart failure and death in nine patients, and uncorrected
aortic regurgitation apparently contributed to death from failure in five
patients.

Attempts were made to relate certain preoperative clinical and hemo-

dynamic findings to the risk, of late death and the quality of survival in
living patients. Of patients whose predominant lesion was mitral regurgita-
tion, 817o were alive after five years, but only 707o of patients who had
mitral stenosis were living at that time. This difference, however, was
wholly attributable to the higher incidence of operative death and death
during the first year of patients with mitral stenosis. The functional
classification preoperatively was of importance. After five years only 47%
of Class IV patients were alive, while 70%, of Class III patients were living.
There was no correlation between operative or late mortality with the

preoperative cardiac rhythm, the severity of pulmonary hypertension, the

left ventricular end-diastolic pressure, or the preoperative cardiac index.

Systemic embolization has been an important complication related to

the use of prosthetic valves of this configuration (Model 6000) . Forty-one

y«r



of the 80 patients who survived operation (497.) have had arterial emboli,

and 13 o£ these patients have had multiple emboli. As noted, eight patients

died because of emboli, and two others have significant residual neurologic

abnormalities; in the remaining 31 patients the emboli have caused only

transient symptoms, and all patients have made full recoveries. Emboli have

occurred throughout the postoperative period, but after six years the

incidence was less than in the earlier years.

Important consideration muSt be given to the gratifying leng-terffl

symptomatic improvement which the large majority of surviving patients have
experienced. Of the 52 patients now living, 50% are asymptomatic, and 427o

are only slightly limited (Class II). Since these 100 patients were operated

upon, major improvements have been made in operative technique and methods

of postoperative care, and the design of the prosthesis has been altered in

several major ways. Most, if not all, of the late deaths due to prosthetic
dysfunction can now be eliminated, and a much more aggressive attitude has
been adopted toward the treatment of associated valvular disease. It can be

expected that the results of mitral valve replacement in the next decade will
provide even better long-term symptomatic benefit at a distinctly reduced

risk.

Radioisotope Powered Cardiac Pacemakers ; Previous reports have
described the research efforts to develop a reliable cardiac pacemaker
powered by an isotopic heat source. This work has been carried out with the

cooperation and support of the Atomic Energy Commission. The experiences
with the RPCP project have been fraught with disappointment and discourage-

ment. All of the initial eight units supplied in Phase I of the project
failed during animal testing, seven from defective components in the pace-

maker circuit, and one from a defective thermocouple tape in the nuclear
power supply. In Phase II of the project the pacemaker circuitry was
redesigned, and Improvements were made in the method by which the thermo-

couple tapes were attached. During the first three months of 1972, 25 Phase
II pacemakers were implanted into normal dogs. Within weeks, failure of

pacing occurred in five animals, and the units were removed. In all, fracture

of the thermocouple tapes was the cause of failure, and attributable to

improper construction. Six other pacemakers had been fabricated with a similar

type of tape construction, and, although they were functioning early after

implantation, they were removed and returned to the manufacturer for modifica-
tion. Funds for continuing the RPCP project were deleted from the AEC
appropriation by their Appropriations Subcommittee. Fortunately, these monies
were restored by an amendment when the appropriation reached the floor. It

is to be hoped that continuing financial support will eventually lead to the

solution of what initially seemed a simple problem, but one which has proved
not to be.

Operative Treatment of Coronary Atherosclerosis : Eighteen months ago,

in collaboration with the Cardiology Branch, a modest program was initiated
for the operative treatment of severely symptomatic patients with coronary
atherosclerosis. Over this period, aortocoronary bypass, utilizing auto-
genous saphenous veins, has been carried out in 41 patients. Twenty of the

patients had a single bypass, 17 had two grafts and 4 had grafts to all
three arteries. Two patients died after operation; in one cardiopulmonary
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bypass could not be discontinued, and the other died of the complications o£
postoperative bleeding. Significant complications followed the operation
in about half the patients: six had well documented myocardial infarctions,
11 had arrhythmias requiring therapy, while bleeding requiring re-exploration,
wound infection, postcardiectomy syndrome, and cardiac failure were also
seen. Thirty-four of the patients operated upon have been followed for an
average time of seven months, and have returned for postoperative assessments
including cineangiographic studies of the coronary arteries and the bypass
grafts. Thirty of the 34 patients describe distinct symptomatic improvement,
but only 16 of them are free of angina pectoris. The angiographic studies
reveal that in these patients 34 of 55 grafts were patent at postoperative
study, usually carried out at four months. Interestingly, eight patients
were found to have no patent graft at all, but all eight of these patients
described either total freedom from angina or distinct improvement in its

severity. From this experience it can only be determined that the risk of

the operation, even in patients with severe coronary arterial disease, is

quite low. Although virtually all patients describe symptomatic improvement,
this cannot be related in any precise way to the effects of the bypass, and
only continuing obseirvations will determine the ultimate usefulness of the
procedure. Patients with stable chronic angina pectoris are not now being
operated upon. Instead, selected patients with crescendo or preinfarction
angina are being recruited, studied, and when the anatomy of the coronary
bed indicates that operation would be possible, treatment will be either
operative or nonoperative, the choice being made on a random basis.

Experimental Studies : During the past year, the laboratory program
of the Surgery Branch has been directed toward (1) development of a reliable
and convenient system for the continuous measurement of internal left
ventricular diameter in dogs by ultrasound techniques; (2) the evaluation of
differences in physiologic responses to muscular exercise in normal and
regionally cardiac-denervated dogs; (3) orthotopic cardiac transplantation
in dogs (organ preservation techniques, physiology of acute graft rejection);
(4) definition of the physiologic consequences of temporary myocardial anoxia
on left ventricular mechanics and performance; and (5) studies in cardiac
pharmacology (acute effects of bretylium tosylate on left ventricular mechanics
and contractile state)

.

Measurement of left ventricular diameter and contraction velocity by
ultrasound techniques : A reliable, accurate, and convenient ultrasound
system for the measurement of internal left ventricular diameter and its
first derivative in dogs has been developed. The system utilizes a tracking
gate, similar to that used in radar tracking systems, to detect and follow
the received ultrasound signal. The system requires the implantation of two
ultrasound transducers on the endocardial surface of the left ventricle; one
transducer functions as a transmitting crystal and the other as a receiving
crystal

.

Mote than 50 dogs have undergone operative implantation of such trans-
ducers by an original technique. In approximately 907o of the subjects,
reliable signals of left ventricular diameter and its first derivative have
been obtained. These results represent considerable improvement over
previous methods for the determination of internal left ventricular diameter
by ultrasound techniques.
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Exercise response of normal and cardlac-denervated dogs : During the

past year studies of comparative exercise responses in normal and cardiac-

denervated dogs have been completed. The standard experimental model allowed

measurement of left ventricular pressure, left ventricular diameter, left

ventricular outflow, and their pertinent derivatives. It was found that

cardiac-denervated dogs respond to a standard exercise stress by an elevation

of cardiac output comparable to that observed in normal animals. This

response is achieved at a lower heart rate and with a higher stroke volume.

However, there were significant and striking differences in the rate-dependent

responses of denervated, as compared to normal dogs. Specifically, denervated

dogs showed a more gradual and significantly lower maximum elevation of

myocardial contraction velocity during the early stages of exercise. These

data indicate the importance of direct neural stimulation in the immediate

adaptive response of the heart to stress. They are also consistent with

the hemodynamic responses of patients after cardiac transplantation.

Studies in organ transplantation ; During the past year, a project on

preservation of the heart was initiated. The preservation technique

utlllzied hypothermic, low pressure, low flow perfusion of the organ with an

oxygenated, filtered Krebs solution. The viability and function ©f 30 such

hearts were evaluated by orthotopic transplantation Into unrelated recipients.

Grafts were preserved for periods of 24 to 28 hpu^s. Aftes various modifica-

tions of perfusion parameters, the final technique evolved resulted In 100%

survival for 30 hours or more of seven consecutive recipients of orthotopic

preserved heart grafts. These results are superior to those obtained

previously by any method ef heart preservation. Additional studies of hsart

ultra strueture during the preservation period are eurreatly being pursued,

"tn another study instruments were placed In 10 orthotoplcally tfans"

planted hearts to allow the measurement of donor left ventricular pressure

and internal diameter during acute graft rejection. The model was ptfedleafied

on previously described auscultatory and physical findings suggestive of a

relatively early change in ventricular mechanics and a terminal deterioration

of pumping performance during acute cardiac graft rejection In man. The
results of the experiments Indicate that in the early stages of acute cardiac

rejection there are significant changes in the pattern of graft left

ventricular diastolic filling, suggesting a decrease in ventricular compliance.

Later in the rejection process, alterations of mechanical systolic performance

developed, in parallel with the deterioration of ventricular pumping

performance. The early changes In diastolic mechanics developed concurrently

with a decrease in electrocardiographic voltage which heretofore has

constituted the earliest and most reliable index of orthotopic graft injection.

It Is anticipated that the results of these studies may be extrapolated to

the clinical situation by Indirect techniques such as apex- cardiography and

echocardiography to allow more sensitive diagnosis of acute rejection.

Extended evaluation of the functional effects of temporary myocardial

anoxia : Eight dogs were prepared by implantation of Instruments allowing
measurement of left ventricular pressure, left ventricular diameter, and

left ventricular outflow, and their appropriate derivatives. After recovery

from the Instrumentation procedure, the animals were subjected to 20 minutes
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of normothermic myocardial anoxia by aortic cross-clamping while on cardio-

pulmonary bypass. These studies were predicated on the frequent clinical
observation of impaired cardiac performance in the early postoperative
period (0-24 hours). No previous experimental model, however, has allowed
evaluation of the functional effects of anoxic insult to the myocardium for

more than 2 to 4 hours. After aortic cross-clamping and completion of

operation, the experimental subjects were evaluated at 2, 4, 8,16, 24, and

48 hours postoperatively, both at rest and with acute volume loading. The
results indicated an acute but reversible depression of left ventricular
hemodynamic performance, which was maximal approximately four hours post-
operatively, with recovery at 24 hours. In addition, there were marked
changes in left ventricular compliance, presumably due to myocardial edema,

which were manifest up to 48 hours postoperatively. Such changes in diastolic
mechanics after temporary myocardial anoxia have not been previously described,
and provide additional insight into the early alterations of hemodynamic status
after open heart operations in man.

Studies in cardiac pharmacology : Studies of the acute myocardial
effects of bretylium tosylate have been completed. The results indicate th±
bretylium, given in doses comparable to those utilized clinically, elicits
significant positive myocardial inotropic responses, as exhibited by shifts

in the pressure-velocity relation as well as enchancement of myocardial
contraction velocity. The model utilized was similar to that employed
throughout the year in the laboratory, i.e., dogs with intracardiac instru-

ments which allowed measurement of left ventricular pressure, left ventricular
diameter, and left ventricular outflow, and appropriate derived variables.

Abolition of the stimulating effects of bretylium was observed in

cardiac-denervated and beta-blocked (propranolol) dogs. These results are
consistent with the hypothesis that the sympathomimetic action of bretylium
is secondary to release of locally active catecholamines from sympathetic
nerve terminals. These data also directly show the acute inotropic effects
of bretylium in intact animals for the first time.
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Project Title: The effects of arterial p02 on cardiac performance
in the early postoperative period

Previous Serial No.: None

Principal Investigators: David M. Conkle, M. D.

Edward B. Stinson, M. D.

Other Investigators: Arthur J. Roberts, M. D.

Project Description: All patients who have cardiac operations receive
O2 in the early postoperative period. The effects of varying arterial O2

tension on myocardial performance during this interval has not been
defined. The relationship of arterial PO2 to cardiac output (CO),

stroke volume (SV), systemic vascular resistance (SVR), heart rate (HR),

and blood pressure (BP) was studied in 14 adult patients immediately
after operations requiring one or more hours of cardiopulmonary bypass.
During the period of study, right atrial pressure was constant, respira-
tory support was provided with a volume respirator and minute volume was
constant. Arterial pH and PCO2 remained physiologic. Inspired O2 was
varied randomly between 100%, 60%, 40%, and 21%. After 20 minutes of
equilibration at each level, CO was determined by indicator-dilution
techniques, ECG and arterial pressure were recorded and arterial PO2
determined.

In 11 patients, maximum CO (average 6.7 L./min.) was obtained at arterial
O2 tensions between 88 and 186 mm. Hg. An arterial PO2 above this range
(hjrperoxemia ) was associated with a depression of CO (average 1.7 L./min.
or 26%), reduction of SV (average 19.4 cc./beat or 28%), and an increase
in SVR (average 339 dynes-sec .-cm"^ or 39%). These observations were
significant (P< 0.005). HR and BP did not change significantly. Three
patients with low CO at normal arterial PO2 showed no significant change
in CO, SV, SVR, HR or BP with hyperoxemia.

Results: These results indicate that in early postoperative cardiac
patients with normal CO, hyperoxemia significantly depresses cardiac
performance. This data is being organized for publication.
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frevleus Serial Ne.: Nene

Principal Investigators: Paul L. Tecklenberg, M. D.

Robert E. Goldstein, M. D.

Other Investigators: Leonard Grauer, M. D.

Stephen Epstein, M. D.

Andrew G. Morrow, M, D.

Cooperating Unit: Cardiology Branch, NHLI

Project Description: The clinical diagnosis of digitalis toxicity in the

presence of atrial fibrillation is often based in part on the presence of

sequences of rjegular intervals in an otherwise irregular rhythm. In equivocal

cases, particularly when the mean heart rate is high and other cardioactive
drugs are in use, the interpretation of such sequences is very difficult,
since relatively little is known about the amount of regularization which is

"normally" present in uncomplicated atrial fibrillation. Several statistical
indicators were, therefore, developed in an attempt to quantitate the amount
of regular sequences in a series of R-R intervals.

One or more analogue tape recordings of the electrocardiogram were performed
in 20 patients: Three patients were clinically suspected to be in digitalis
toxic states, two patients were in atrial flutter, and three patients were in

a nodal rhythm. Six of the patients were serving as subjects in a clinical
study in which the following protocol (or slight modifications thereof) is

used: Initially, while the patients are in a stable clinical state on their

usual dosage of digitalis, one or more control recordings are made, and

records are obtained (1) during bicycle exercise, (2) after propranolol
administration, (3) after atropine administration, and (4) during isuprel

infusion. An attempt is made to adjust the heart rate during the last three

interventions to match the heart rate obtained during exercise, which is

usually about 100-120 beats per minute. Maintenance digitalis is then
discontinued and records of the EKG are obtained at appropriate intervals

during the next seven to ten days or until the heart rate exceeds 120 beats/

min. A final record is obtained after the patient is partially redigitalized

by an intravenous dose of digoxin. Seinim digoxin levels are assayed before,

during and after digoxin withdrawal.
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The analogue electrocardiograms are then analyzed by digital computer and
the appropriate indices for regularization are calculated. Changes in

these indices are then related to the patient's clinical state at the time

that the records were made, and with the serum digoxin level, if known.

Results: Records from two patients in the clinical protocol have been
completely processed: The results from these studies suggest the following
conclusions: (1) administration of digitalis and exercise seem to increase
regularization (nonrandom ventricular activity) , (2) atropine alone seems

to diminish regularization, and (3) heart rate per se appears to have no

predictable effect on the amount of regularization. It has also been learned
that the discovery of a run of four to six regular beats in a row is not an
unusual finding: this amount of regularization cannot be considered to be

diagnostic of digitalis excess. Most patients do not seem to have truly
random ventricular activity in atrial fibrillation, but the indicators of

regularization are seldom far from the upper limits of statistical randomness.

Proposed Course: After records from several more subjects in the clinical
study have been obtained and analyzed as described above, the statistical
methods and results used in this project will be described in detail and
submitted for publication.
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Project Title: Correlation of force-velocity relations with changes in

internal ventricular diameter in the assessment of myocardial

contractility and ventricular function in the intact dog

Previous Serial No.: None

Principal Investigator: Paul L. Tecklenberg, M. D.

Other Investigators: Robert E. Sloane, M. D.

Kent W. Jones, M. D.

Stephen B. Colvln, M. D.

Kenneth Kempner, Ph.D.
Edward B. Stlnson, M. D.

Cooperating Units: Computer Systems Lab, DCRT

Project Description: Force velocity relations have been shown to reflect
changes in myocardial contractility, but they are not necessarily correlated
with alterations in cardiac performance (cardiac output and stroke work, etc).

In addition, accurate measurements of contractile element velocity and wall
tension are difficult to obtain. On the contrary, left ventricular internal
diameter can be measured by noninvasive techniques, but changes in this
function cannot be readily related to alterations in the contractile state.

This study was, therefore, undertaken in an attempt to relate these two types
of information obtained simultaneously from intact animals during a variety
of pharmacologic and physiologic interventions. Eight dogs weighting 20 to

25 Kg. underwent implantation of (a) miniature, solid state pressure trans-
ducers in the apex of the LV cavity, (b) piezo-electric crystals facing each

other across the minor diameter of the LV cavity, (c) electromagnetic flow-

meter around the ascending aorta, and (d) pacing wires attached to the two

atrial appendages. At the same time, four of the animals underwent extrinsic

cardiac denervation by the technique of regional neural ablation. After the

subjects had fully recovered from operation, they were studied under morphine
and suecinylcholine anesthesia with controlled respirations. Left ventricular
pressure, left ventricular internal (minor) diameter (obtained by analysis of

time required for tansmission of ultrasonic pulses from one piezo-electric
drystal to the other) and aortic flow signals were recorded during a control

period, and during or after the following interventions: (1) pacing induced

tachycardia, (2) infusion of isoproterenol, (3) alpha and beta blockade with
propranolol and atropine, (4) induced hypertension by infusion of neo-

synephrine, and (5) volume loading. The recorded signals were subsequently

processed by a digital computer and the following indices of cardiac function
were obtained: (1) peak dP/dt, (2) Vce in isovolumic systole, (3) the force-

velocity relationship, (4) instantaneous aortic flow, (5) acceleration of
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blood during ejection, (6) ventricular diameter at end of systole and end

of diastole, (7) percentage of ventricular filling during the rapid-filling
period, (8) velocity of the circumferential fiber during the ejection period,

and (9) stroke volume calculated from the change of dimension during ejection.

Results: The experimental studies described above have been completed.
The data are presently being analyzed and the derived functions calculated.

No definite conclusions concerning the possible interrelationships of these

various functions can be made at this time.

Proposed Course: When all computations have been completed, the data

will be analyzed statistically in an attempt to learn whether or not

significant correlations exist between the various functions listed above.

If indicated, the results will then be organized and submitted for

publication.
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Project Title: Electrocardiographic manifestationa of digitalis toxicity In i

experimental atrial fibrillation.
"

F¥@¥l@us S@]?lal N@: !lsne

f^lneipal £nv@§tilga£3£'i faul h, feekl@nb@£g, M. D.

Othir Invistlgat3r§: B,@b@x't E, @eld§t;ein, M. D.

Joseph 1. flerc@, D.V.M.

Glenn Rahmoeller, M. S.

Andrew G. Morrov?, M. D.

Cooperating Units: Cardiology Branch, Section on Lab Animal Medicine &
Surgery, NHLI, & Biomedical Engineering and Instrumentation
Branch, DRS

Project Description: The electrocardiographic manifestation of early digitalis

toxicity in the presence of atrial fibrillation is often indicated only by

an intermittent appearance of nodal rhythm which produces brief sequences of |

regular beats in an otherwise irregular ventricular response. Several statisti-
*

cal indicators have been developed in an attempt to quantify the amount of

such nonrandom ventricular activity. The diagnosis of digitalis toxicity in

patients is often difficult to establish with certainty, and the degree of

digitalization seldom varied over a broad range. The production of unequivocal

digitalis toxicity in experimental animals with atrial fibrillation was,

therefore, chosen as a model to test the usefulness of these statistical

indicators in the recognition of the normal and toxic effects of digitalis.

It is well known that atrial fibrillation can occur spontaneously or be

easily induced in cows and other large animals. Therefore, four cows, leighing

50 to 105 Kg., undeirwent left thoracotomy and application of pacing electrodes

to both atrial appendages which were then connected to implantable pacemakers
discharging at rates of 600 to 800 beats per minute. Thereafter, routine
electrocardiograms were obtained at intervals to determine the presence or

absence of pacemaker function and induced atrial fibrillation. One such pace-

maker has been equipped with a magnetic switch so that the unit may be Inter-
mittently deactivated and reactivated under external control.

|

After electrically induced atrial fibrillation has been produced for a period

of approximately eight weeks, the pacemakers will be deactivated. If true
atrial fibrillation is present and the ventricular response appears completely
irregular, the animals will be given an intravenous infusion of acetyl
strophanthidin. Before, during and after this infusion, tape recordings of

the electrocardiogram will be obtained. Statistical analysis of the electro-
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cardiographic recordings will be performed by digital computer. Changes in

the statistical indicators of nonrandom ventricular activity will then bo

correlated with the degree of digitalization as estimated by the rate of

infusion of acetyl strophanthidin and the presence or absence of other
electrocardiographic manifestations of unequivocal digitalis toxicity.

Results: Three to four weeks after implantation, one pacemaker stopped
functioning, most probably as a result of battery failure. The animal
remained in a rhythm of atrial flutter with varying block for the next three
to four weeks and finally reverted to normal sinus rhythm. For this reason,
this animal was unfit for further study. Ath the present time, the remainder
of the animals appear to be in atrial fibrillation with irregular ventricular
responses and good pacemaker function three to seven weeks after implantation.
True atrial fibrillation with irregular, disorganized atrial activity has
been well documented in the animal with the pacemaker which may be externally
deactivated.

Proposed course: In the near future, the remaining three animals will be
studied according to the protocol described above. If the statistical analyses
for the presence of regularization can be related to the degree of digitalis
effect or toxicity, these results will be prepared and submitted for
publication.
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Principal Investigator: Paul L. Tecklenberg, M. D.

Other iHvesttgafief: Edward B. Stinson, M. D.

Froject Degcriptlon: The eehoeardlegraphle findings iti several patlenti with

malfunctioning prosthetic heart valves have been previously described.

However, the characteristics of normal prosthetic valve motion, the necessary

background against which malfunctioning valves are recognized echocardio-

graphically, have not been well described. Echocardiographic examinations
were, therefore, performed in a series of thirty patients with normal
prosthetic heart valves in order to discover (a) the optimal techniques for

obtaining high quality echocardiographic recordings of prosthetic valve
motion, (b) pitfalls in the interpretation and analysis of such records, and

(c) normal range of values for cage and poppet excursions, velocities and
separation.

One or more examinations were obtained in seven patients with aortic prostheses,
three patients with tricuspid prostheses, and 27 patients with mitral
prostheses. In the latter group, records were subdivided into groups based
on the type of prosthesis construction (disc valve versus ball valve) . In
addition, preoperative as well as intraoperative echocardiograms were recorded
from two patients with proven prosthetic valve dysfunction (one in the
tricuspid position and one in the mitral position). Two prosthetic valves
(one ball valve and one disc valve) were also examined in vitro utilizing a

plastic chamber which allowed rotation of the axis of the prosthetic valve
in relation to the ultasonlc beam. All suitable records were analyzed to

determine total excursion, velocities and separation of the cage and poppet

of the prosthetic valve.

Results: Additional echocardiographic recordings are being obtained and
analyzed at the present time, and statistical characterization of the data

|

has not been completed. Nevertheless, Initial results suggest that valvular
dysfunction in either mitral or tricuspid prostheses may be recognized echo-

cardlographlcally by either (1) the total absence of poppet motion in relation
to cage motion, and/or by (2) an abnormally low velocity of cage motion in

diastole (^1.0 cm/sec) suggesting significant obstruction to atrial emptying
across the prosthetic valve. A small separation of one to two millimeters
between the poppet and the top of the cage, or a poppet excusion significantly
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less than that specified by the manufacturer are not valid criteria for the
diagnosis of prosthetic valve dysfunction by echocardiography.

Proposed course: After the completion of statistical analyses of this data
the results will be described in detail and prepared for publication.
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Project Title: Use of Coupling Devices for rapid nonsuture anastomoses in

the canine aorta

Previous Serial No.: None

Principal Investigator; Paul L. Tecklenberg, M. D.

Other Investigators: Seth R. Goldstein, Ph.D.
Edward B. Stlnson, M. D.

Cooperating Units: Biomedical Engineering & Instrumentation Branch, DRS

Project Description: Various nonsuture techniques (use of bushings, adheslves,

coupling rings, etc.) have been successfully used In the creation of

anastomoses in the arterial system of humans and experimental animals. How-

ever, no device has yet been designed for use In anastomoses of large caliber

arteries, which does not Introduce some foreign material Into the bloodstream

(staples, cannulas, etc.). A mechanical device similar to one used In small

arteries was, therefore, designed to allow rapid and reliable end- to- end

anastomoses in the canine aorta, in order to facilitate experimental orthotopic

cardiac transplantation. The coupling device used in this project consists of

two opposing rings with large (10, 13 and 15 mm. diameter) central holes

through which the end of the blood vessel are led. The walls of the vessel

are then everted and impaled upon a set of diarpened, concentric pins which

alternate with a set of clearance holes. When each end of the vessel has

been so attached to a ring, the two rings are brought together In such a way

that the pins of one ring enter the holes of the other, and vice versa. The

rings are held in approximation either by the frictional binding of a set of

rods from one ring in mating holes in the opposite, or by the action of a split,

Vee-ring retainer which rides upon flanges at the front of each ring.

Twelve dogs, weighing 20 to 29 Kg. were used to test this device. Eight NIH

hounds underwent cardiac transplantation, in the course of which an end-to-

end anastomosis in the ascending aorta was constructed using the extravascular

coupling device. None of these dogs were treated for acute rejection, and

consequently, none survived for more than 12 days. In order to test the long-

term reliability of this coupling technique, end-to-end anastomoses in the

descending aorta were constructed by the same technique in four additional

dogs. At the time of operation, careful records were made of the time

required for construction of the anastomosis, difficulty of the technique,

and the presence or absence of bleeding from the anastomosis. At the time of

postmortem examination the site of anastomosis is excised and specimens are

taken for subsequent histologic examination. It is planned that the four dogs

with descending thoracic aortic anastomoses will be sacrificed at approximately
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five to eight weeks postoperatively, and prior to sacrifice, a catheterization
will be performed in all animals to determine the presence or absence of a

pressure gradient at the site of the anastomosis. In addition, a descending
aortic angiogram will be performed in one or more animals. In the interim,
periodic examination of the pulses in the hind legs are being made.

Results: Of the eight dogs undergoing cardiac transplantation, four animals
survived for a period of four to twelve days and died of graft rejection.
In all of these animals, and in two other dogs that died less than 24 hours
postoperatively, (probably from arrhythmias), there was no evidence of
significant hemorrhage from the ascending aortic anastomoses. Histologic
examination of the vessel edges in the longer survivors revealed evidence of
early acellular necrosis. The remaining two animals undergoing cardiac
transplantation died as a direct result of the aortic anastomosis. One animal
died on the operating table when his aorta was irreparably torn by the coupler
which was too large for proper application. The second animal died in the
early postoperative period from persistent hemorrhage from the anastomosis
which was caused by improper application of the device producing a small,
linear tear in the vessel waLL It has been concluded that this technique is
faster and safer than circumferential anastomosis by standard suture techniques
if the coupler is properly applied under suitable circumstances.

Proposed course: The four remaining animals will be sacrificed after appropri-
ate studies in the next several weeks. When the histologic studies have been
completed, the results will be prepared and submitted for publication.
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Project Title: AnaBtonoeee in the superior vena cava using a mechanical

coupling device.

Previous serial no.: None

Principal Investigator; Paul L. Tecklenberg, M. D.

Other Investigators: Seth R. Goldstein, Ph.D.

Edv^ard B. Stlnson, M. D.

Cooperating Units: Bioaiedieal Engineering & Instrumentation Branch, DRS

Project Description: Anastomoses in the great veins constructed either with

standard suture techniques or by a variety o£ other methods (including

bushings, adhesives, staplers, etc.) are associated with a significant failure

rate (10 to ^7o) secondary to late scarring and stenosis at the site o£

anastomosis or to outright thrombosis in the early postoperative period.

These risks are related in part to the presence of a foreign material in

contact with the blood at the anastomosis, and/or the lack of mechanical

support in a vessel with a low internal pressure and blood flow velocity. A

mechanical device for the construction of rapid and reliable anastomoses in

the superior vena cava without the use of sutures or other foreign materials

in contact with the bloodstream was, therefore, designed and tested in a

series of 15 mongrel dogs. The coupling device consists of two opposing

rings with a large central orifice (13 mm. in diameter). The ends of the

vessel are pulled through this hole and then everted over and impaled upon a

set of concentric pins which alternate with a set of clearance holes, equally

spaced around the ring. To construct the anastomosis, the two opposing rings

are approximated In such a way that the pins of one ring enter the cleamace
holes in the other ring, and vice versa. The rings are held in approximation
by the frictional binding of a roughened metal rod from one ring which is

force-fitted into a corresponding hole in the opposite ring. In ten dogs,

the superior vena cava was simply severed and reanastomosed end-to-end in its

midportion. In six other dogs, two methods of diversion or reconstruction of

the superior vena cava were tested, making use of the mechanical coupling
device at the necessary anastomoses. Four dogs underwent anastomosis of the

distal half of the superior vena caval to the tip of the right atrial
appendage, after which the proximal half of the SVC was ligated. This method
has been used clinically in the treatment of partial anomalous pulmonary

venous drainage to the superior vena cava. It is hoped that the use of a

suitable mechanical coupler in this procedure will increase patency rate in

this type of anastomosis. In two other dogs, the midportion of the superior

vena cava was excised and replaced with a tube of pericardium, with mechanic-

ally constructed anastomoses at each end. This type of procedure could be

used to reconstruct the superior vena cava in cases of fibrosing mediastinitis.
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In each subject, careful records were kept of the time required for
occlusion of the superior vena cava during the construction of the
anastomosis. The dogs have been divided into groups for sacrifice from
one to eight weeks postoperatively. Prior to scheduled sacrifice, the SVC
will be catheterized in all dogs and SVC angiograms will be performed in
selected animals. At the time of sacrifice or postmortem examination, the
site of anastomosis will be removed and suitable histologic sections
prepared.

Results: There has been, to date, only one death in an animal prior to
scheduled sacrifice, and in the remainder, there is no clinical evidence
to suggest that stenosis or thrombosis of the SVC is present.

Proposed Course: Clinical, hemodynamic, radiographic and histologic
examinations will be conducted as described above in the remaining animals.
The results of these studies will then be prepared and submitted for
publication in the near future.
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Projsct Tltl@: Th@ @££@et8 of loitilvs doses o£ methylpvednlsolone on nyo-

eardlal contractility and peripheral vascular resistance

ffevioui Serial Ko.; None

Frinclpal Investigator: Paul L. Teeklenberg, M. D,

Other Investigators: Edward B. Stinson, M. D.

Edward M. Mullin, M. D.

Andrew 6. Morrow, M. D.

Project description: Although large doses of corticosteroids are commonly
used in the treatment of shock and of acute organ rejection following
transplantation of the heart or kidney, the effects of these agents on myo-

cardial function and peripheral vascular resistance are variable and are

poorly understood at the present time. This study was, therefore, undertaken
to evaluate the effects of large doses of methylprednisolone on myocardial
contractility in vivo, utilizing the force-velocity relation, and to investig-
ate the physiologic basis for the observed effects. I

Eleven normal dogs, nine chronically cardiac-denervated dogs (four after
beta-blockade with propranolol) , and five acutely adrenalectomized and
cardiac denervated dogs were studied on cardiopulmonary bypass, at constant
coronary blood flow by means of an isovolemic left heart preparation.
Methylprednisolone, in a dose of 30 mg./Kg., was given intravenously, and
changes in myocardial contractility were assessed by changes in peak left
ventricular pressure (LVP) , maximum LV dP/dT, and maximum measured LV contract-
ile element velocity (maxVce) . In all experiments, coronary blood flow was
either measured (and found to be unchanged after steroid injection) or was
controlled by a separate perfusion of the isolated aortic root. In addition,
changes in peripheral vascular resistance were measured by simultaneous
determination of systemic arterial pressures and arterial flow.

Results: In the normal dogs, methylprednisolone caused a significant
enhancement of myocardial contractility (21 to 27% increase in LVP, dP/dt,

and maxVce) . Chronically cardiac denervated animals showed similar effects,
but with significantly greater percentage increases than the normal dogs in |

LVP (+33%) and dP/dt (+53%) . These changes were greatly attenuated or

abolished in the denervated, beta-blocked dogs and in the acutely adrenal-

ectomized and cardiac-denervated animals. Shortly after the injection of

methylprednisolone, there was a sharp, transient fall in the systemic vascular
resistance followed by a gradual rise throughout the remainder of the period

of observation (60 min.) . These results confirm an acute, transient positive
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inotropic effect of methylprednisolone in vivo, and suggest that this
influence is mediated indirectly by the release and/or potentiation of
endogenous catecholamines.

Proposed Course: A manuscript describing these experiments and results in

detail has been prepared and submitted for publication. This project has
been completed.
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Project Title; Development and Evaluation of a Technique for Preservation
of Canine Hearts

Previous Serial No,s None

Principal Inveatlgators; Jack G, Copeland, M. D.

Edward B. Stinson, M. D.

0£h@r Invistlgatsrss Rsg@r G, Spragg, M. D.

Mlehsgl J@n@s, M. S.

Gospgjfatlng Units; Dlvlsien of T@ehniesl Div@l@ptD@n£, NKLI
fathology §@etidn, Nffl^I

Project Description: In 31 experiiaents , we evaluated a heart preservation
method utilizing low pressure (18-25 cm.H20), nonpulsatile, hypothermic
(0-3°C) perfusion with oxygenated Krebs solution. The perfusion unit was
housed in a cold room and consisted of a cylindrical sterile chamber primed
with 1.5 liters of perfusate, a roller pump, an inline filter, and a bubble
trap. After numerous modifications of preservation methods, the most
satisfactory technique defined consisted of pretreatment of the pento-
barbital anesthetized donor with phenoxy benzamine, perfusion without
dextran (osmolality 278 mosm/l), bubble oxygenation of the perfusate,
inline filtration with a Pall ultipor (.35ia filter, and perfusion at 18 cm.

H2O pressure. Viability and function of all grafts were assessed by ortho-
topic transplantation.

Results: Using the most satisfactory technique, one hundred percent sur-
vival of seven consecutive recipients without inotropic support for 30
hours or more was obtained. Three of these dogs survived to rejection
(4-16 d.). Using other techniques, sporadic success was achieved (one
recipient survived 28 days). All hearts gained weight (avg. 40%). This
was reversed with normothermic perfusion with blood postpreservation.
Serial light and electron microscopic studies showed severe interstitial
edema and markedly increased capillary pinocytotic vesicles during the
preservation period. Intracellular ultras trueture was, however, main-
tained without significant change from normal controls. Postpreservation
perfusion with normothermic oxygenated blood permitted defibrillation
within 15 minutes. Biopsies after one and one-half hours perfusion
showed resolution of interstitial edema.

During preservation coronary flow was greater (p<.01), coronary resist-
ance was less (p<.05) and perfusate (K+) was lower (p<.l) in viable vs.
nonviable hearts. CPK, glucose and lactate perfusate concentrations
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July 1, 1971 through June 30, 1972

failed to discriminate between viable and nonviable hearts.

Proposed Course: Abstracts have been submitted and papers will be written:
(1) Briefly describing surgical techniques and survival results, (2) fully
describing all techniques and discussing importance of variables using
this system. Further ultras true tural studies are planned to (1) describe
in detail ultrastructural findings in preserved hearts, (2) evaluate the

mechanism of interstitial edema formation using electron dense markers.
Further preservation studies are planned to evaluate modifications in
technique not yet studied, and to evaluate new preservation apparatus.
Study of myocardial metabolism and capillary flow with microangiographic
techniques during and immediately after the preservation period are planned,
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1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: A retrospective clinical review o£ the first 100 patients
to undergo combined aortic and mitral valvular replacement
at the National Heart and Lung Institute

Previous Serial No. : None

Principal Investigators: David B. Melvin, M. D.

Paul L. Tecklenberg, M. D.

Frederick H. Levine, M. D.

Jefferson F. Hollingsworth, M. D.

Other Investigators; D. Luke Glancy, M. D.

Andrew G. Morrow, M. D.

Cooperating Unit: Cardiology Branch, NHLl

Project Description: All available clinical information was collected on
the 100 patients undergoing combined aortic and mitral valvular replacement
at the National Heart and Lung Institute between June, 1963 and September,
1971. Additional, followup was obtained where needed so that all had been
contacted within one year. Descriptive clinical, hemodynamic, and
laboratory preoperative data, operative procedures and findings, and post-
operative data including long-term results were entered in a computer
filing and data retrieval system. Statistical study of the preoperative
factors examined their relationship to postoperative survival, functional
result, and longevity based upon actuarial life table analysis. The
prognostic significance of postoperative hemodynamic and clinical findings
was similarly appraised. A tabulation and interpretation of the descriptive
data and results of the statistical analyses are being compiled. This
information will be prepared and submitted for publication together with a
review of related literature.
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PHS-NIH
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July 1, 1971 through June 30, 1972

Project Title: Electron microscopic evaluation of hypertrophied right

ventricular outflow tract

Previous Serial No: None

Principal Investigators; Michael Jones, M. D.

Victor J. Ferrans, M. D.

Cooperating Unit: Section of Pathology, NHLI

Project Description: Samples of operatively resected myocardium from

patients with right ventricular outflow obstruction were submitted for

electron microscopic evaluation. Patient diagnoses included tetralogy of

Fallot, infundibular and valvular pulmonic stenosis with an intact ventricular

septum, and double outlet right ventricle^. Attention was particularly

directed toward ultras true tural manifestation of hypertrophy and of chronic

hypoxia.

Results: Tissue examined from eleven patients thus far showed focal Z band

widening, T- tubule dilatation, and other characteristics of hypertrophy, but

did not show that aianormal muscle cell architecture reported to occur in

idiopathic hypertrophic subaortic stenosis. In addition ultras true tural and

histochemical evidence was present for abnormal localization and morphology

(cCrosettes) of glycogen. Both<| andP forms of glycogen appeared clearly

within mitochondria.

Proposed Course: An abstract considering the ultrastructural glycogen

abnormalities in cardiac disease, which includes in its discussion a

presentation of intramitochondrial glycogen in patients with right ventricular

outflow obstruction, was submitted to the Fifth Annual Meeting for the

International Study Group for Cardiac Metabolism. A manuscript is in

preparation describing intramitochondrial glycogen in these patients re-

lating its presence to chronic hypoxia. Further study is anticipated to

include right ventricular infundibular tissue from patients with ventricular

septal defects to correlate with those changes already observed in hypoxic
patients.
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PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

A study of long-term physiologic and pathologic effects of

surgically induced changes in pulmonary blood flow, pressure

and oxygen tension in dogs

Previous Serial No. : None

Principal Investigators: David B. Melvin, M. D.

John Yarbrough, M. D.

David M. Conkle, M. D.

Frederick H. Levlne, M.

Lawrence Cohn, M. D.

Robert L. Reis, M. D.

D.

Other Investigators:

Cooperating Unit:

William C. Roberts, M. D.

Section of Pathology, NHLI

Project Descirption: Experimental studies of the effects of pulmonary

circulatory changes in the dog have been previously undertaken in order to

better understand the effects witnessed in similar conditions produced by

congenital heart disease. However, the fact that previous experimental

designs have generally not isolated the changes in pressure, flow, oxygen

tension, and venous obstruction has made interpretation of the results

difficult. In addition there is a great deal of controversy as to whether

maiy of the accepted experimental results might indeed be artifactual,

resulting from surgical-operative trauma and the results of resolving

pulmonary hemorrhage and edema in animals studied within a few months of the

intervention. To hopefully resolve some of these problems, a series of

experiments was designed in 1966. Forty- five young dogs were operated

upon and patterns created which would subject lungs or parts of lungs to four

different patterns of hemodynamic and oxygenation characteristics. Relatively

isolated conditions of increased flow (approximately four times normal),

systemic oxygenation, and moderate pulmonary venous obstruction, were effected.

In addition, lobes were prepared that received blood with a combination of

increased flow and oxygenation but near normal pressure.

These dogs were left for five years. Eighteen of them were still alive by

January 1, 1971. These have been anesthetized, and after thoracotomy,

pressures and flows measured for each lobe or lung prepared. The animals

were then sacrificed and sections of each lobe prepared for histologic study

of vascular and parenchymal changes. The results were summarized and the

changes seen tested for statistical significance. Literature has been
reviewed and a manuscript is being prepared for publication.
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July 1, 1971 through June 30, 1972

Project Title: Evaluation of tricuspid regurgitation in cardiac surgical

patients by echocardiography

Previous Serial No. ; None

Principal Investigators: Gordon N. Ollnger, M. D.

Paul L. Tecklenberg, M. D.

Edward B. Stinson, M. D.

Project Description: Echocardiograms were performed in 20 patients with

mitral valvular disease and varying degrees of secondary tricuspid

regurgitation (TR) to determine interventricular septal motion and a right

ventricular dimension index (RVDI) (distance in centimeters between right

ventricular eplcardlal echoes and echoes from the right side of the Inter-

ventricular septum divided by body surface area). These features have been

shown to reflect right ventricular volume overload.

Results: On the basis of cardiac catheterization and clinical and intra-

operative finding, TR was classified as mild (or absent), moderate, or

severe. RVDI averaged 1.10 (+ .24 S.D.) cm/M2 with mild TR, 1.55 (+ .20)

with moderate TR, and 2.34 (+ .25) with severe TR (between- groups p < .0005).

Corresponding mean right atrial pressures were 6.6, 11.2 and 19.8 mm. Hg

respectively (p<.05). Septal motion was normal with mild TR, variable

with moderate TR, and abnormal with severe TR. In four patients with

severe TR who underwent tricuspid and mitral valve replacement, RVDI

decreased from 2.27 preoperatively to 1-84 (early) postoperatively (p^.025)

and to 1.6 prior to discharge (p^.OS). Septal motion changed from abnormal

to normal in each patient. In one patient without preoperative evidence

of TR, echocardiography correctly Indicated at least moderate TR (RVDI

2.15 and abnormal septal motion) which was confirmed at operation. In three

late postoperative patients with fluid retention and moderate to severe

secondary TR diuresis resulted in clinical improvement of TR, and average

weight loss of 3.0 Kg. (p<.l) and a decline in RVDI from 1.91 to 1.66 (p^l)-

Proposed Course: An abstract based on these results has been sumbitted

for presentation and publication. Further examination of a larger group

of patients Is underway to substantiate these results and to broaden the

applicability of this technique.
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Individual ftojaet: Rapovti

July 1| 1971 through Junt 30^ 1972

Project Tltlai Anatomle and phyilologle dataminant of aerteooronary
vain bypaii flow and raaetlva hyparanla

Previous Serial No.t Nona

Principal Investigators: Gordon N. Ollnger, M. D.

Edward B. Stlnson^ M. D.

Project Deseriptlon! Electronuignetlc flowmeter neasurenienti of blood flow
were made at operation In 27 aortocoronary bypais grafts In 15 patients.
Tinted transient graft occlusions in the absence and presence of occlusion
of the coronary artery proxiinal to the graft were performed to determine
reactive hyperemia flow and its relation to coronary artery anatomy. Graft
flow and hyperemia response were also examined comparing states of flbril-
latlng vs. beating hearts, hjrpothermia vs. normothermia , and at various
levels of augmentation of heart rate and arterial blood pressure within the

physiologic range.

Results: Baseline flows (average 44.4 ml./mln.) were Independent of the

artery revascularized (right, LAD, circumflex) and of arterial diameter.
Both baseline flows and peak reactive h3rperemic flows (RH, as percent of
baseline) produced by transient graft occlusion were greater, however, in
grafts to proxlmally occluded coronary arteries (POA) than in grafts to

stenotic arteries (PSA) (52.3 vs. 37.8 ml./mln., p<.025), and 147 vs.

1197o, p< .025, respectively). Both Infarction (EGG) and dyskinesia
(ventriculography) in the area of distribution of graft flow were associated
with greater graft RH (p^.Ol). Temporary occlusion of coronary arteries
immediately proximal to the site of graft anastomosis produced larger
decreases in flow in grafts to POA than in grafts to PSA (p ^ .05), but
caused marked augmentation of RH (p^ .001) after transient graft occlusion
only in grafts to PSA. Higher flows and lower mean coronary vascular
resistance (CVR) were observed with normothermia vs. hypothermia, but
variable changes in flow and CVR were noted with flbrillatlng vs . beating
hearts. Induced Increases in arterial pressure and heart rate caused
augmentation of baseline flow (up to 175%) and RH (p^.05 for both). The
level of RH was linearly related to duration of graft occlusion (5 - 15

seconds) and absolute baseline flow. Angiograms done 3 months post-
operatively showed occlusion on one of 11 grafts to POA (9%) and 4 of 16
grafts to PSA (25%) (p> .05). Occluded grafts had lower Intraoperative
flows than patent grafts (31.3 vs. 47.1 ml./mln. p^.05), but similar CVR
because of differences in perfusion pressure.

Proposed course: An abstract based on these results has been prepared and
submitted to presentation and publication. Two additional patients have
been studied and the project has been completed. A manuscript based on
the entire series is being prepared for publication. - /
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1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Response to cardiopulmonary bypass of urinary sodium in
patients with coronary artery disease undergoing aorto-
coronary saphenous vein bypass

Previous Serial No.: None

Principal Investigators: Gordon N. dinger, M. D.

Paul L. Tecklenberg, M. D.

Edward B. Stinson, M. D.

Project Description: Retention of sodium and water has been observed to be
a characteristic response of patients following operative correction or
repair of cardiac lesions on cardiopulmonary bypass. This tendency has
been more pronounced in patients with previous congestive heart failure.

In contrast, patients with obstructive coronary artery disease treated with
aortocoronary vein bypass grafts have at this institution been noted during
cardiopulmonary bypass to initiate a rapid diuresis which persists for up- to
24 hours. To elucidate the nature and possible pathogenesis of this
diuresis a series of patients with coronary artery disease was followed
before, during, and subsequent to operation with quantitiative
determinations of urinary excretions of electrolytes, urea and creatinine
Six patients underwent operation on cardiopulmonary bypass using a

standard dilute electrolyte- whole blood prime. For four other patients
a whole blood prime was used, A series of six patients with either IHSS
or ASD without congestive heart failure was studied as a control group,
and all underwent operation on cardiopulmonary bypass with dilute prime.

Results: Preliminary results reveal that the coronary artery patients with
dilute primes exhibited a profuse diuresis initiated during bypass and
lasting approximately 24 hours. This diuresis seems to be prompted
entirely by increased sodium excretion independent of change in urea or
free water excretion. In contrast those patients for whom whole blood
prime was used failed to exhibit a significant diuresis, and sodium
excretion was unchaged. Results for the control group are being analyzed.

Proposed Course: The project is completed. Data are being analyzed and a

manuscript for publication is being prepared.
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I. S@^h@sdd, Md.

Project Title; Hemodynaiale effects of bretyllum toyslate In the Intact dog

Previous Serial No.: NHLI-73

fritiGipal Investigators; Robert E. Sloane, M. D.

GkDrdon N. Ollnger, M. D.

Edward B* Eltinson* M. D.

Andrew 6< Morrow, M. D.

Project Description: Controlled studies of the Inotropic effect of
bretyllum tosylate have been done 1^ vitro . However, data obtained from
intact Tnammals is inconclusive. Miniature solid state pressure transducers
were Implanted in the left ventricle and proximal aorta of dogs. Atrial
pacing wires were placed as well. From 3 to 7 days postoperatively, the

animals were studied in intact state. Myocardial contractility was deter-
mined by extrapolating to Vmax the linear isovolumlc portion of the vector
loop produced by dp/dtP-LVED displayed against P-LVED on an oscilloscope.
Control Vjjiax» dp/dt, LVP, LVEDP, AoP, and heart rate were compared before
and after administration of bretyllum tosylate 5 mg./Kg.

Results: Following bretyllum administration in 13 normal dogs there was
an immediate 30% augmentation of Vmax* ^ return to control at three minutes,
and a subsequent gradual secondary 20% augmentation beginning at 9 minutes
and sustained throughout the 45 minute duration of the study. Dp/dt and
LVP were augmented throughout the study while heart rate, controlled by
atrial pacing and/or atropine in 7 dogs, showed a singular Increase only
at time zero. Bretyllum administered to 3 dogs previously having undergone
surgical cardiac denervation and to 3 dogs pretreated with propranolol 0.5
mg./Kg failed to elicit any increase in contractility, although LVEDP was
increased by bretyllum in the denervated dogs.

Proposed course: The project has been completed. Analysis of results and
preparation of a manuscript for publication is underway.
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3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Design and evaluation of an arterial prosthetic graft
material impregnated with a heparin releasing filler

for use in small arteries and in veins

Previous Serial No.: None

Principal Investigators: David B. Melvin, M. D.

David M. Conkle, M. D.

Frederick H. Levine, M. D.

Edward B. Stinson, M. D.

Project Description: A gelatin solution can be whipped into a foam and

dried to form a spongy, very porous material. Small amounts of formalin

added to the mixture just prior to whipping have been shown in earlier
experiments to denature the gelatin to degrees controllable with altera-
tions in concentration and thus determine the rate at which the tnass will
be absorbed if surgically implanted. If a soluble material, such as

heparin, were added to the mixture before whipping, it might well be "locked
in" to the relatively insoluble mass, and gradually released as it was dis-

solved and absorbed. If the mass were impregnated in the wall of a very
porous fabric vascular graft, this might render the surface antithrombogenic
for the period of time needed for a pseudointima to form. Such a process
could, if effective enough, extend the usefulness of prosthetic vascular
grafts to veins and to small calibre arteries where the rate of early
thrombosis is now prohibitive.

No published information could be found on the stability of heparin in the

presence of formalin. Various concentrations of formalin similar to those

used in the gelatin preparation were mixed in test tubes with bovine sodium
heparin, and the water and formalin allowed to evaporate. The dry residue
was redissolved. Both it and an aliquot of fresh heparin solution were
serially diluted and their effects on clotting time of fresh blood samples
compared. No significant decrease in activity was demonstrated. Sheets
of double knit polyester material and tubular grafts of the same material

(3 and 15 mm. diameter) were prepared and impregnated with a formalinized
gelatin foam containing various concentrations of heparin. As a pilot
project, four of the smaller grafts were sewn into canine femoral and carotid
arteries and two of the larger into canine superior vena cavae. To determine
the survival of the heparin content, small patches of the flat sheets were
cut and sewn into the ventral surface of canine abdominal aortae. Three of

the four arterial grafts were thrombosed at four weeks, and both vena cava
dogs died acutely (no thrombosis but time interval was too short for conclu-
sions). Patch dogs were sacrificed at 1, 2, 3, and 4 week intervals for
histologic study of heparin content. Techniques attempted thus far show

material that stains similar to heparin, but unexpectedly the formalinized
gelatin also stains weakly with this special stain and the results do not

1 ¥-3 7



Serial No. NHLI-166
1. Clinic of Surgery
3. Bethesda, Hd.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

establish residual heparin.

Proposed Course: Further experimentation would include searching for more
specific ways of analyzing residual heparin to test the validity of the

theoretical basis for the graft, and a series of empirical trials of small
artery grafts with higher concentrations of heparin initially. Laboratory
priorities are such that this is not currently planned, however.
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July 1, 1971 through June 30, 1972

Project Title: Development of a technique for performance of coronary
artery bypass grafts in dogs without cardiopulmonary
bypass

Previous Serial No.: None

Principal Investigators: David B. Melvin, M. D.

Frederick H. Levine, M. D.

Jack G, Copeland, M. D.

David M. Conkle, M. D.

Other Investigators: Edward B, Stinson, M. D.

Project Description: Coronary artery bypass grafting using vein segments

is currently being used on a massive scale clinically. Establishing a

model for experimental study of the function, long-term fate, and benefit
of such grafts, as well as the benefits or harm incurred with technical
innovations has been extremely difficult. A technique was developed which
used a plastic intracoronary arterial shunt to maintain flow during the

anastomosis of a free venous segment to an incision in the anterior wall

of the vessel. An unlimited time is afforded for performance of the

anastomosis and some stability is given to that segment of the artery
on the surface of the beating heart. Twenty-two such procedures were per-

formed with subsequent proximal high ligation of the coronary artery. A
few of the dogs died within three to four days of operation; in each of

these the venocoronary anastomoses were technically satisfactory. Long term

results have not been determined, pending chronic studies.

Proposed Course: Associated problems, such as vein size selection and

establishment of the ideal technique for the proximal anastomosis to the

aorta, remain to be solved. This technique appears to satisfactorily solve

the problem of the venocoronary anastomosis on the beating heart, previously
a major obstacle to experimental study of the procedure. This has been pre-
pared with illustrations for submission for publication.
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PHS-NIH
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July 1, 1971 through June 30, 1972

Project Title: The natural history of functional tricuspid regurgitation

after mitral valve replacement: A seven year follow-up

Previous Serial No.: None

Principal Investigators: Jefferson F. Hollingsworth, M. D.

Frederick H. Levine, M. D.

Gordon N. Olinger, M. D.

Andrew G. Morrow, M. D.

Project Description: Twenty-eight patients with acquired mitral valvular

disease who had coexisting tricuspid regurgitation preoperatively, were

followed for a seven year period following mitral valve replacement. The

object of this long-term follow-up was to establish the course of functional

tricuspid regurgitation and to identify pre- and postoperative factors

which may predispose to persistent limiting tricuspid regurgitation. •

Results: Of the 24 patients surviving operation, 18 or 75% have resolved
their tricuspid regurgitation, 6 or 25% of the patients have significant
limiting tricuspid regurgitation. Analysis of pre- and postoperative
catheterization data revealed that pulmonary, right, and left heart pres-

sures fell to normal in the group who had no significant tricuspid regurgi-

tation. In the patients with persistent tricuspid regurgitation, left
heart, pulmonary, and right heart pressures were elevated. These patients
with tricuspid regurgitation and elevations of left heart pressures were
found to have evidence of either aortic insufficiency, primary myocardial
disease, coronary artery disease or prosthetic valve dysfunction. Thus it

seems that although the majority of patients will resolve functional tri-

cuspid regurgitation after mitral valve replacement, the presence of elevated
left heart pressures predisposes to persistent tricuspid regurgitation as a

result of transmitted increases in pulmonary and right ventricular pressure
with subsequent right ventricular and tricuspid annular dilatation.

Proposed Course: A manuscript is being prepared from this data to be sub-

mitted for publication.
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July 1, 1971 through June 30, 1972

Project Title: Extended evaluation of the effects of temporary myocardial
anoxia on left ventricular performance and compliance

Previous Serial No.: None

Principal Investigator: Frederick H. Levine, M. D.

Other Investigators: Jack G. Copeland, M. D.

David B. Melvin, M. D.

Edward B. Stinson, M. D.

Project Description: Eight dogs were prepared by implantation of a solid-
state pressure transducer in the left ventricle (LV) , an ascending aorta
flow probe, and endocardial ultrasound crystals across the maximum trans-
verse LV diameter. After recovery (1-2 weeks) the unanesthetized dogs

were evaluated at rest and with acute volume loading. They were then
placed on total, normothermic cardiopulmonary bypass, and ischemic cardiac
arrest was induced by aortic cross -clamping for 20 minutes. After resusci-

tation, bj^ass was discontinued and incisions closed. Awake animals were
serially restudied at 2, 4, 6, 12, 24, and 48 hours after aortic cross-
clamping. At LV filling pressures comparable to preoperative levels, LV
systolic pressure and peak dp/dt were not significantly changed at 2 hours,

but there was a significant decrease in LV end-diastolic diameter from

31.3 ± 1.6 to 28,1 ± 2.2 ram. (p< .05) and volume from 31.7 ± 4.9 to 23.9 +

4.4 ml. (p4( .01), cardiac output (CO) was decreased from 2950 ± 182 to

2129 ± 270 ml/min (p < .01), LV stroke work (LVSW) was decreased from 37.5 ±

5.2 to 22.8 ± 2.9 gm-m. (p<.01), ejection fraction (EF) was reduced from

57 ± 1.3% to 44 ± 3.9% (p < .01), and maximum rate of systolic diameter
shortening (peak - dD/dt) was decreased from 67.4 ± 4.8 to 56.0 ± 4.0
mm/sec (p< .05). CO and LVSW gradually returned to control levels by 12

hours postoperatively, but EF and peak -dD/dt remained depressed until
24 hours. LV compliance (diastolic pressure /volume relationship) was
reduced at two hours from .32 ± .02 to .42 ± .08 mm. Hg/ml (p <^ .01) and
gradually returned to control values at 48 hours. Thus, reversible myocar-
dial injury due to anoxia is associated with significant depression of LV
performance and compliance for up to 24 hours

.

Proposed Course: The project is completed and will shortly be submitted

for publication.
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Project Title: The pathophysiology of intimal hyperplasia of the venous

graft in the arterial system

Previous Serial No.: None

Principal Investigators: David M. Conkle, M. D.

Michael Jones, M. D.

Other Investigators: William Roberts, M. D.

Victor Ferrans , M. D.

Edward B. Stinson, M. D.

Cooperating Units: Section of Pathology, NHLI and Cardiology Branch, NHLI

Project Description: The fate of the vein graft when placed in the

arterial circulation is becoming more important as more coronary artery

bypass grafts are being performed. Intimal hyperplasia and medial
fibrosis have been observed in venous grafts placed in the arterial

circulation but the etiology and pathophysiology of these lesions have

not been fully defined. Animal models have been employed to evaluate the

fate of the vein graft and to observe the effects of various interventions

on the graft's structure.

Femoral vein grafts and aorta-coronary artery vein grafts have been performed
in NIH foxhounds. The histological fate of these grafts has been studied
with light and electron microscopy.

Results: Intimal hyperplasia has been observed in both types of vein
grafts as early as two weeks following the performance of the graft
operation. The lesions are multifocal and progressive. The lesion is

composed primarily of smooth muscle cells. Vein graft ischemia prior to

implantation appears to have no effect on this lesion. The effects of
hypercholesterolemia is currently being evaluated.
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PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Evaluation of the Starr-Edwards 6520 Series Disc Prostheses

Previous Serial No.: None

Principal Investigators: David M. Conkle, M. D.

Andrew G. Morrow, M. D.

Edward B, Stinson, M. D.

Project Description: Clinical and hemodynamic data is being accumulated
on patients who received the Starr-Edwards 6520 series disc prosthetic
valve. The hemodynamic properties of this prosthesis will be compared to

the Starr-Edwards 6320 series ball prosthesis. The clinical follow-up
of this group of patients will also be available for comparison with
special emphasis on emboli associated with this prosthesis and clinical
improvement

.

Results; Since August 12, 1971, 36 patients have had 42 prosthetic valves
implanted; 36 valves have been placed in the mitral position and 6 valves
have been placed in the tricuspid position. There have been five hospital
deaths and three late deaths. Two patients have had known emboli, and one
had an embolus to the femoral artery and the other to the cerebral circu-
lation. One patient had thrombosis of a prosthesis in the tricuspid
position and this valve was replaced. Twelve patients have currently
returned for postoperative evaluation and have experienced clinical im-
provement. Postoperative hemodynamic data has been obtained on eight
patients with mitral prostheses and the average prosthetic gradient is

5 mm. Hg. After all data has been accumulated, it will be organized for
publication.
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Project Title: Long-term follow-up of patients with congenital aortic
stenosis treated with aortic commissurotomy

Principal Investigator: David M. Conkle, M. D.

Andrew G. Morrow, M. D,

Other Investigators; Richard Karsh, M. D.

Cooperating Unit; Cardiology Branch, National Heart and Lung Institute

Project Description; The long-term follow-up of patients with congenital
valvular aortic stenosis treated with aortic commissurotomy has been
undertaken to evaluate the prognosis of this group of patients. Thirty-
eight children have had aortic commissurotomy prior to 1968 allowing for

at least a 5-year follow-up period. Preoperative and postoperative
clinical and hemodynamic data is being evaluated.

Results: The average duration of follow-up of these 38 patients has been
10 years. There were no early deaths and two late deaths (one being
secondary to cardiac disease). The remaining 36 patients are all functional
Class I or Class II. Thirty-two patients have had postoperative hemo-
dynamic studies. Twenty-nine patients still have residual aortic stenosis
with the mean gradient being 27 mm. Hg. Twenty-one patients have a murmur of
aortic regurgitation. Three patients have required aortic valve replace-
ment for progressive aortic regurgitation. This data is currently being
organized for publication.
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PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Direct Impedance Cardiography

Previous Serial No.: None

Principal Investigators: Jefferson F. Hollingsworth, M. D.

Edward B. Stinson, M. D.

Andrew G. Morrow, M. D.

Other Investigator: Robert J. Ruderman, M. D.

Cooperating Unit: Walter Reed Biomechanical Research Laboratory

Project Description: An instrument for measuring cardiac tissue impedance
has been developed. The object of this study is to correlate specific
changes in tissue impedance with morphologic alterations in cardiac muscle.
This will allow instantaneous intraoperative identification of viable,
ischemic, infarcted or necrotic muscle utilizing a rapid and atraumatic
technique, thus allowing the surgeon to determine if revascularization
or excision of ischemic or nonfunctioning cardiac musculature is indicated.

In 10 dogs and 12 human subjects undergoing cardiopulmonary bypass, tissue
impedance (a function of square wave rise time) was measured and correlated
with histological biopsies from the areas in which rise times were measured.
These tissue biopsies were taken from normal, ischemic, and infarcted
myocardium. Rise tiisesof 1.4 )isec. ± .1 were associated with normal myo-
cardium. Rise times of .5 to 1.2 ^jisec. were associated with varying degrees
of myocardial ischemia and fibrosis. Rise times of .6 |j,sec. ± .1 were
associated with totally infarcted myocardium.

Proposed Course: Further correlations are planned. Data will then be pre-
pared in the form of a manuscript for publication.
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Serial No. T>jwrT.T-i.74

1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: An analysis of the effects of changes in blood pH, p02 and

pC02 on systemic vascular resistance during cardiopul-
monary bypass

Previous Serial No.: NHLI-61

Principal Investigators: David B. Melvin, M. D.

Jefferson F. Hollingsworth, M. D.

Frederick H. Levine, M. D.

John W. Yarbrough, M. D.

Robert L. Reis, M. D.

Project Description: Physiologic chemical stimuli have marked effect on
vascular tone, and thus on peripheral vascular resistance in the intact
circulation. Most of these changes have been well documented. The net
effect of any given chemical stimulus results from the algebraic sum of
several peripheral, central nervous system, and chemoreceptor mediated
reflexes, often conflicting their primary effects. Since many of the

changes in mean pressure, pulsatility, and anesthesia that are incurred
in clinical cardiopulmonary bypass have been shown to affect differently
these component responses, it is uncertain whether net responses are
quantitatively or even qualitatively similar to those reported for the
intact circulation. This is important, as clinical bjrpass very frequently
employs oxygen tensions and not uncommonly carbon dioxide tensions far
from those seen in normal physiologic states. An adverse or beneficial
effect of these changes, if properly documented, could have significant
clinical implications and influence on techniques employed.

Fifty-eight studies were done on twenty adult mongrel dogs weighing 18 to

26 kilograms. They were placed on cardiopulmonary bypass, and by oxygenator
gas manipulation or chemical infusion, subjected to various patterns of
blood-gas or pH alterations. Systemic resistance was calculated at one
minute intervals before and for several minutes after each intervention.
These results have been tabulated, the literature reviewed, and a manuscript
prepared for publication.

Experiments currently in progress will include 32 studies on eight dogs to

complete the study of the effects of ten distinct patterns of chemical
stimuli. Results will be added to a revised manuscript and submitted for
publication.
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Serial No, NHLI-175
1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: An assessment of the effects of mechanical ventricular
assistance by external compression during fibrillation on
subsequent contractility and myocardial performance

Previous Serial No. : None

Principal Investigators: David B. Melvin, M. D.

Daivd M. Conkle, M. D.

Arthur J. Roberts, M. D.

Edward B. Stinson, M. D.

Project Description: Pneumatically driven cardiac compression cups have
been shown to sustain cardiac output during ventricular fibrillation and to

be compatible with defibrillation and long-term recovery after prolonged
periods. The functional state of the heart afterward, related to preopera-
tive function, however, has never been quantitated. Concern over the re-
sponse to this mechanical trauma is a serious impediment to wider clinical
application. Six dogs were instrumented for measurement of cardiac output
and pressures in both atria, the left ventricle, the pulmonary artery and
the aorta. These measurements were recorded on magnetic tape for later
analysis. Blood volume was increased with rapid saline infusion, and the
resultant increments in left ventricular end-diastolic pressure were
related to stroke work and to stroke volume. The hearts were electrically
fibrillated and an Anstadt pneumatically driven cup applied for two hours,
followed by defibrillation. Studies were repeated immediately and 30

minutes later. The preoperative and postoperative tape recordings of left
ventricular pressure were converted to digital tape and analyzed by
digital computer for determination of several indices of contractility.
Comparison of pre- and postoperative studies show a statistically
significant decrease in both the classic cardiac function studies and the
contractility studies, the latter being affected much less. Changes in
compliance due to interstitial edema should cause such a pattern of change,
and are considered the most likely possible explanation. If so, the changes
should be largely reversible. These experiments have been summarized and
submitted for publication as an abstract.

To assess the reversibility of the changes, seven dogs have been instrumented
much as outlined above, using sterile technique, their thoracotomies closed
and allowed to recover. Contractility and function studies were done on the
awake dog. They were anesthetized a second time, their hearts fibrillated,
the cups applied for two hours, the hearts defibrillated, and their chests
closed again. Studies were repeated at 6 hours, 24 hours, 48 or 72 hours,
and in some dogs, at one week, all in the awake state.

^7



Serial No. NHLI-175
1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Two or three additional dogs will be similarly treated. The data on the
second series of experiments will then be analyzed and the results
tabulated and prepared for publication.
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Serial No. NHLI-176(c)
1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Indivudial Project Reports

July 1, 1971 through June 30, 1972

Project Title: Effect of cardiopulmonary bypass on capillary permeability

Previous Serial No.: None

Principal Investigator: Frederick H. Levine, M. D.

Other Investigators: Jefferson F. Hollingsworth, M. D.

Ilse-Hanny Tretner, M. D.

Gerald S. Johnston, M. D.

Edward B. Stinson, M. D.

Andrew G. Morrow, M. D.

Cooperating Unit: Nuclear Medicine

Project Description: Significant fluid shifts have been documented after
open heart surgery, and changes in capillary permeability due to cardio-
pulmonary bypass have been postulated. One hundred microcuries of I "^^ HSA
was injected intravenously into patients undergoing heart surgery, and
biopsies of subcutaneous plus lung tissue were obtained before and after
cardiopulmonary bypass. Specimens were examined by an autoradiographic
technique, and the distribution of the injected isotope was studied.

Results: Preliminary data indicate an autoradiographic darkening of the
vessel walls extending into the interstitial space in the postbypass tissue
samples, while prebypass samples did not show this abnormal distrubution.
Therefore, an increase in capillary and small vessel permeability to human
serum albumen as a result of cardiopulmonary bypass has been demonstrated.

Proposed Course: All tissue samples have been obtained and further
evaluation of the finished slides is currently in progress. The data will
be submitted for publication.
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Serial No. NWTJ-177
1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title; An exploration of the usefulness of secondary parameters in

improving accuracy ©f stroke volume efttimation by computer

analysis of aortic pulse contour.

Previous Serial No.: NHLI-60

Principal Investigators: David B. Melvin, M. D.

Kenneth Kempner, M. A.

Robert L. Reis, M. D.

Cooperating Unit: Computer Systems Laboratory, DCRT

Project Description: This is covered in detail in previous project report.

Since submission of the previous report, computer programs have been

written for performing the various analyses and plots outlined. The second

investigator is currently testing these programs and making needed

corrections

.

Efforts are now directed towards completion of program correction and actual

execution of the programs for analysis of the data followed by tabulation

and publication of results as outlined.

*/&>



Serial No. NHLI-178(c)
1. Clinic of Surgery
3. Bethesda, Md,

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Prosthetic replacement of the mitral valve: Continuing
assessments of the 100 patients operated upon from
1961-1965

Previous Serial No,: None

Principal Investigators: Frederick H. Levine, M. D.

Jack G. Copeland, M. D.

Andrew G. Morrow, M. D.

Project Description: One hundred consecutive patients undergoing mitral
valve replacement 7-10 years ago have been closely followed. Seventeen
patients died during the hospital admission at which operation was per-
formed, and thirty-one additional patients have died at intervals of 5

months to 10 years and 3 months after valve replacement. Seventy-six
percent of patients surviving operation were alive 5 years later, and
64% alive at 8 years. Causes of late death and influence of various
preoperative factors on mortality and current clinical state were evaluated.
Of the 52 surviving patients, 50% are asymptomatic, (Class I), 42% are
Class II, and 8% are Class III.

Proposed Course: Complete follow-up has been obtained and the data will
soon be submitted for publication.
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Serial No. NHLI-179(c )

1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Effect of volume expansion on aldosterone excretion in

patients with coronary artery disease

Previous Serial No.: None

Principal Investigator: Frederick H. Levine, M. D.

Other Investigators: Edward B. Stinson, M. D.

Walter Meyer, M. D.

Frederic C. Bartter, M. D.

Cooperating Unit: Endocrinology Branch, NHLI

Project Description: Patients with coronary artery disease and normal left

ventricular function commonly have low blood volumes and a decreased

anginal threshold after a volume load. A mechanism for this low blood

volume has not been postulated. This project assesses the response of the

renin-angiotension-aldosterone mechanism to volume loading in patients with
coronary artery disease. Studies have been completed in five patients and

studies will be continued in five additional patients. Plasma renin and
urine aldosterone excretion is being measured, but completed data are not

yet available.

Proposed Course: Complete data will be analyzed in 10 patients and compared

to a previously studied control group.
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Serial No. NHLI-180(c)
1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: The management of triple valvular heart disease

Previous Serial No.: None

Principal Investigators: Jefferson F. Hollingsworth, M. D.

Kent W. Jones, M. D.

Andrew G. Morrow, M. D.

Project Description: Fifteen patients were followed an average of 28

months following operative correction of triple valvular heart disease
(aortic, mitral, tricuspid). Nine patients had triple valve replacement,

six patients had combinations of valve replacement and commissurotomy.

The object of this study was to determine the operative and late mortality
and long-term rehabilitation of both patient groups in order to improve
future surgical management of patients with triple valvular disease.

Results: The operative mortality with triple valve replacement was
greater than with valve replacement and commissurotomy. The late mortality
was similar for both groups. However, the rehabilitation of patients after
triple valve replacement was superior to that of patients after combinations
of valve replacement and commissurotomy.

Proposed Course: A manuscript has been prepared from these data and is

undergoing revision for publication.
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Serial No. NHLI-181(c) i

1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Biotelemetry interface and distribution system for 6-West
Intensive Care Unit

Previous Serial No.: None

Principal Investigator: Andrew G. Morrow, M.D.
Charles L. Mcintosh, M.D.

Other Investigators: Arnold W. Pratt, M.D.
Kenneth Kempner, M.S.
William Risso, M.S.

Cooperating Unit; Division of Computer Research and Technology

Project Description; Six intensive care beds on 6-West (4 postoperative,
one special study, and one pulmonary assist) are presently being incor-
porated into a computerized monitoring system. The project involves
development of programs that will provide: (1) Beat to beat monitoring
of various vital signs and parameters essential to postoperative care
of open heart surgery patients, (2) statistical analyses, trend identifi-
cation, and other analyses performed on historical data, and (3) eventual
therapeutic control of blood replacement and recommendations for course of

therapy. Phase I will include monitoring of systemic arterial pressure,
C.V.P., heart rate, body temperature, urine output and blood loss. Initially,
one bed only will be equipped for the above mentioned parameters, with the

data being transmitted via Dataphone to building 12A and then fed back to

the display terminal in the ICU in building 10. The Sigma III computer and
additional hardware will be moved to the 7th floor, building 10 in May or

June and Phase II will then commence with the instrumentation of the addi-
tional beds. Long-term plans include the additional monitoring of up to

20 additional parameters for specific clinical research projects and the

analysis and storing of data from these projects.

Results: The development of system software nodules began the summer of
1971 for the above project. The development of further system software
to handle the multi-terminal graphics system and hardware signal pre-
processors, as well as software to analyze arterial pressure, urine output,
body temperature and blood loss from one bed has been written. Cables have
been installed to rooms 6W-251, 253, and 255. Dataphones installed in the
ICU, construction of the computer room on 7 nears completion and software
programming continues. On-sight visits have been made to George Washington
University and to the University of Alabama to view such systems in opera-
tion and to gain information concerning equipment, hardware and software
programs. Additional meetings have been held with D.C.R.T. and the involved
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PHS-NIH
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July 1, 1971 through June 30, 1972

nursing staff to familiarize the paramedical personnel with the com-
puterization of the care room.

Proposed Course: Further development of software programs relative to
patient care and clinical research.
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Serial No. NHLI-182
1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Experimental evaluation of radioisotope powered cardiac

pacemaker (R.P.C.P.) - Phase II

Previous Serial No.: NHLI-90

Principal Investigator: Andrew G. Morrow, M.D.
Charles L. Mcintosh, M. D.

Other Investigators: Peter L, Frommer, M. D.

Joseph E. Pierce, D.V.M.
Harry W. Seipp

Cooperating Units: Atomic Energy Commission, Arco Nuclear Company -

Energy Commission Technical Center, Myocardial
Infarction Branch, NHLI, Section on Laboratory
Animal Medicine and Surgery, NHLI

Project Description: Phase I began in May, 1969 and included the implan-
tation of eight radioisotope-powered pacemakers in dogs. As of 5/18/70
all eight units failed due to either a defect in the nuclear battery
thermocouple or pacemaker electronics. Phase II consists of the implanta-
tion of 30 modified radioisotope-powered pacemakers in dogs at the NHLI
plus bench and laboratory evaluation of additional units by Arco Nuclear
Company. The in vivo implants are to be followed one to three years.
The pacemakers are checked weekly by either rate, EGG or radio signal
analysis.

Results: Implantation of Phase II R.P.C.P. began 1/31/72. As of 4/14/72
a total of 25 R.P.C.P. have been implanted in dogs of which 14 remain
functional at this time. Five failures have resulted from thermocouple
tape fractures and six R.P.C.P. were changed because of potential thermo-
couple tape fractures.

Proposed Course: The problem of thermocouple tape fractures has been
analyzed and hopefully corrected by Arco, and implantation of additional
units is to begin the end of May.
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PHS-NIH
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Continuing study of cardiac valve replacement

Previous Serial No,: NHLI-83(c)

Principal Investigator: Andrew G. Morrow, M.D.
Charles L. Mcintosh, M. D.

Other Investigators: Frederick H. Levine, M.D.
David B. Melvin, M. D.

Project Description: A systematic review of all prosthetic valves inserted
at the NHLI since 1961 was undertaken in 1970. Information being collected
and stored on each patient includes identifying data, diagnosis, previous
operation, current operation, and valve(s) replaced, operative findings,
early and late postoperative complications, pre- and postoperative cardiac
catheterization data, and status since operation. Information on 2300-2310,
6300-6310 series valves was compiled and stored by Thomas Q. Winter, M.D,
Forms originated by Edward Jacobs, M.D. were modified by T. W. Winter and
C. L. Mcintosh. This past year data has been compiled and key punched or
stored on mitral valves #1-100; aortic and mitral valve replacements,
tricuspid, mitral and aortic valve replacements; tricuspid and mitral
valve replacements; and single aortic or mitral valve replacements.
Follow-up data has been accumulated from OPD visits over the past year,
plus hospital follow-up for those patients hospitalized for postoperative
catheterization.

Results: Data are being compiled on all prosthetic valves inserted to
date. A collective paper on our total experience has not yet been written.
Frederick H. Levine, M.D, and David B. Melvin, M.D, are presently preparing
a paper on multiple valve and isolated mitral valve experience.

Proposed Course: By July, 1972 data on all valve replacements should be
compiled, key punched or stored which will then be organized for data
retrieval for our total experiences. The system will then be updated at
least four times per year by hospitalization or OPD visits.
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ANNUAL REPORT OF THE
EXPERIMENTAL THERAPEUTICS BRANCH
NATIONAL HEART AND LUNG INSTITUTE

July 1, 1971 through June 30, 1972

The goal of the Experimental Therapeutics Branch is the application of
basic biochemistry and pharmacology to understanding mechanism of disease and
to develop new therapies for human disease. Our areas of major interest are
hypertension, vasoactive substances, collagen metabolism and neuroendocrinology.

SECTION ON EXPERIMENTAL MEDICINE

I. Histamine

An extremely sensitive radioassay for histamine in blood, urine and
tissues has been developed. The basophil is the carrier of histamine in
human blood and total leukocyte histamine is 70 to 120 ng/ml of white cell
rich plasma. Patients with a positive ragweed skin reaction release greater
than 50% of their leukocyte histamine during incubation with very small
amounts (2 x 10"^ to 2 x 10"^ ng/ml) of ragweed antigen. Control subjects
have no release of histamine even at the highest concentration of antigen.
This provides us with a sensitive new model for studies of mechanisms of
allergic responses and for evaluation of drug effects on them. When the
amino-acid histidine is administered orally to man in doses up to 50 gm
daily histamine excretion rises from 14 to 500 yg/day. Simultaneous
administration of the histaminase inhibitor, aminoguanidine, further increases
the amount of histamine in urine, but only by a small amount. Simultaneous
administration of the N-methyl-transferase inhibitor, chloroquine, produces
a much greater increase in urinary histamine. This, combined with studies
of the fate of g-^H-histaraine administered intravenously in man, has shown
that histaminase is only a minor route of histamine metabolism while N-methyl-
transferase and monoamine oxidase constitute the major pathway of inactiva-
tion. This has provided the rationale for a new pharmacologic approach to
vasodilator therapy making use of endogenously synthesized histamine. Serum
thyrocalcitonin is the best diagnostic indicator of medullary thyroid carcinoma
while histaminase is useful for diagnosis of metastatic disease, for following
it post-thyroidectomy and as a biochemical marker of the tumor in tissues.

II. Kallikrein

Kallikrein is the enzyme which controls the production of bradykinin, a

potent endogenous vasodilator. Normal urine kallikrein averaged 7.6 EU/day
+^ 7 (mean +_ SEM, n=45) and differed significantly from that of patients with
essential hypertension 3.8 +_ 5 Cn=25) and patients with primary aldosteronism
21.5 +_ 3 (n=14) . More detailed studies were undertaken of the effects of
manipulation of dietary sodium on urinary kallikrein. In 10 normals urinary
kallikrein varied significantly with sodium intake from a mean of 10 EU/24 hr
on a 259 meq Na"^ diet to 35 on a 9 meq Na* diet. In 8 patients with essential
hypertension urine kallikrein averaged 4 EU/24 hr on high salt and 8 on low
salt. While in 14 patients with proven primary aldosteronism urinary kallikrein
excretion averaged 21 EU/24 hr and was unaltered by changes in Na"*" intake.
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Thus, patients with essential hypertension were clearly separated from norma
and from patients with primary aldosteronism on the basis of their urinary

kallikrein excretion. The deficiency of such a potent vasodilator system
may have great significance in the etiology of essential hypertension. Also

this is the first time changes in urinary kallikrein have been produced in

man by physiologic means. The role of the kallikrein-kinin system in the

pathogenesis of htmian hypertension and the potential use of urinary kallikrel

as a diagnostic test for aldosteronism are under study.

III. Cardiovascular Drugs

Dopamine- 6-hydroxylase (DBH) is the enzyme which converts dopamine to

norepinephrine. Normal serum levels of DBH varied widely and there were no
significant differences in levels when related to age, sex or blood pressurdj

However, values were significantly lower in Negroes than in whites. Further'

studies indicate that serum DBH levels in man are not the sensitive index of
sympathetic nerve activity that we had sought. Studies are underway on

relating low serum DBH levels to low plasma renin activity in a significant
subpopulation of hypertensives. Small strips of temporal artery from normal
and patients with essential hypertension have been studied in^ vitro . Dose

response curves and the agonist-antagonist values for alpha adrenergic recep
were found to be equivalent in the two groups of subjects. Thus, there is

no apparent difference in vascular alpha receptors between normals and i

essential hypertensives.

IV. Collagen Metabolism

IProtocollagen proline hydroxylase (PPH) activity in tissues correlates
j

well with the rate of collagen synthesis. As one might suspect PPH activityl

is markedly increased in keloids and hypertrophic scars when compared to tha;

of normal scar or normal skin. Unexpectedly, the collagenase activity in

keloids and hypertrophic scars is also increased above that in normal scar
(

and is undetectable in normal skin. Thus, there is a fine balance in the
j

normal wound between collagen synthesis and collagen degradation. In keloidt

and hypertrophic scars both processes are increased but collagen production
\

exceeds degradation as is readily apparent clinically. There is also a highl

content of mast cells and of their product histamine in keloids and hyper-
|

trophic scars. Histamine may be an important stimulant to both normal and i

abnormal collagen synthesis and is clearly the cause of the symptoms of I

itching and burning noted with these lesions. Seventy percent of 90 patienti
with hepatoma were found to have abnormally high values of serum PPH. This

|

comparable to the occurrence of alpha- fetoprotein in hepatoma. Thus, serum '

PPH activity is a useful diagnostic test for hepatoma and further studies of
its role in evaluating therapy are underway. Serum PPH activity also appear.'!

to be a sensitive indicator of liver cell injury in patients receiving halo-
genated hydrocarbon anesthetics. We find good correlation between the physic
properties of the anesthetic agent, the retention of the drug in the body am
the serum elevations in PPH 24 hours following surgery. There was no correla
tion with the operative procedure or with other agents used. This provides
us with a valuable tool for studying the hepato-toxicity of these anesthetics
in man. i
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SECTION ON BIOCHEMICAL PHARMACOLOGY

I

.

Regulation of Mammalian Enzyme Levels

The melatonin biosynthetic pathway in the pineal which is under active

diurnal regulation has been used to study factors that may regulate mammalian

enzyme levels. The enzyme which catalyzes the terminal step in this pathway,
hydroxyindole-0-methyltransferase, has been isolated as a pure protein. The

active enzyme appears to have a molecular weight of about 78,000 daltons and

is comprised of two identical subunits . The enzyme has an unusually high
proportion of leucine residues and appears to require free SH groups for

activity. The initial enzyme in this pathway, tryptophan hydroxylase, has

also been partially purified from beef pineal, but found to be rather unstable.

Numerous attempts to develop a rapid isolation technique using affinity
chromatography have thus far been unsuccessful. A system, however, has been

devised to measure continuously the rate of tryptophan hydroxylation in pineal

glands in organ culture using 5- -^H-tryptophan. Although the synthesis of
melatonin is greatly stimulated by the addition of either norepinephrine or

c-AMP to the culture medium, these compounds only minimally enhance the rate

of tryptophan entering the hydroxyindole pathway. These findings are con-

sistent with the theory that serotonin N-acetylase is the regulatory step in

melatonin synthesis. Finally, to determine the mechanism by which c-AMP

stimulates this pathway, a c-AMP-dependent protein kinase has been isolated
from the pineal. This enzyme preferentially phosphorylates histones and was

shown to actively phosphorylate chromatin, the phosphate being incorporated
into the F^ and F3 histones. Such "activated" chromatin showed enhanced
actinomycin D binding and increased transcription by E^ coli RNA polymerase
suggesting that this kinase may have "uncovered" genes. It is possible that
such activation could lead to increases in the synthesis of specific enzymes.

II

.

Biochemistry of Neurohumoral Amines

Studies on the rate of serotonin synthesis in brain and intestine
indicate that the rate limiting step in its synthesis, tryptophan hydroxylase,
is rather insensitive to known enzyme regulatory factors. The level of enzyme
is independent of adrenal control and is not induced by substrate. Indeed,
one of the most important factors in controlling serotonin synthesis appears
to be the level of the substrate tryptophan in tissues. This is true because
normal tissue tryptophan is below the Km value of tryptophan hydroxylase.
Rather extensive studies with addictive narcotics indicate that either acute
or chronic treatment with morphine, codeine or demoral does not significantly
affect the level of the enzyme tryptophan hydroxylase in the brain of either
mice or rats as has been proposed by others. A recent report that aromatic
L^ amino acid decarboxylase is present in erythrocytes stimulated a study
which led to the conclusion that oxyhemoglobin can react with dihydroxyphenyl-
alanine causing the release of the carboxyl group. It was also concluded that
all the apparent decarboxylase activity of red cells was due to this non-
specific reaction. The mechanism involved in inactivation of neurohumoral
amines was also investigated using either purified plasma or mitochondrial
amine oxidase. The former enzyme catalyzed the deamination of phenylethyl-
amines with the labilization of the 3 hydrogen whereas the latter enzyme
catalyzed the reaction with full retention of both 6 protons on phenylethylamine
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(t
substrates . These findings are consistent with the proposed mechanism for v
each of these enzymes

.

III

.

Molecular Changes Associated with Hypertension

We have used the genetic spontaneously hypertensive rats as a laboratory
model for essential hypertension. Extensive investigation of the biosynthesis
of the neurotransmitter norepinephrine both centrally and peripherally has lec^H

to the conclusion that this system is somewhat depressed in hypertensive rats.
However, the normotensive parent strain of rat, Kyoto/Wistar, also appeared
to have decreased rates of catecholamine synthesis. The renin-angiotensin
system was also studied in the genetic hypertensive rat. Resting plasma renin
activity was substantially higher in the hypertensive animals than in control
animals. This renin was not derived from the kidney but appears to come from
the submaxillary gland which was found to have unusually large amounts of
tissue renin. Because of the temporal occurrence of the activity it was con-
cluded that this was not a factor in the development of hypertension. Of
interest was the finding that the Kyoto/Wistar rats had significant amounts of
submaxillary renin. Recent studies on serum dopamine- g-hydroxylase in man
suggest that this enzyme is depressed in certain groups of black patients with
a genetic tendency for hypertension. The thread that appears to rion through
all these studies is that various biochemical markers while not being
strictly associated with the development of hypertension may be associated
in a genetic manner in both animal and man with the tendency for this disease.

IV. Chemistry of Metalloproteins i

Work in this area has concentrated on determining the details of the

structure of the active center in iron-sulfur proteins. The amino acid
sequence of Clostridium pasteurianum rubredoxin has been completed and found
to be consistent with the previously proposed tetrahedral sulfur ligands for

the iron atom. Using a new technique in optical spectroscopy developed in

this laboratory, it has also been possible to predict that the active center
of adrenodoxin and spinach ferredoxin will be a binuclear complex with the

2 iron atoms each tetrahedrally surrounded by four sulfur ligands.

SECTION ON PHYSIOLOGICAL CHEMISTRY

I . Kinin System

Radioactive kallikrein isolated from rat kidney slices incubated with '

labelled acids was indistinguishable from urinary kallikrein by several
criteria. These data provide strong evidence for the renal origin of M
urinary kallikrein. Human and monkey kallikreins and kininogens appear to be "

biochemically and immunologically identical. Thus, the rhesus monkey would
appear to be an ideal animal in which to study the physiologic and pharmacologic
significance of components of the human kinin system. A study of urate- '

crystal-induced inflammation in rat paws indicates that the edema is due to
the combined actions of histamine, kinin, and components of the complement
system. A new scheme is being devised for the isolation of prekallikrein, ^
prekallikrein activator and kininogens from the same plasma. Active Hageman \.
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factor and its 30,000 MW subunit are equally potent activators of pre-

kallikrein. A new simplified assay for urinary and plasma kallikreins has

been developed. With simple modification it is applicable to the assay
of kallikrein activators and inhibitors, plasminogen and urokinase. Urinary
kallikrein excretion in rats is elevated 3 to 4-fold when desoxycorticosterone
is administered or when the animals are fed a low salt diet. Conversely,
adrenalectomized rats excreted considerably less than normal levels of
kallikrein.

II

.

Factor XIII and Fibrin Crosslinking

Fibrin formed under presumed physiological conditions contains six moles
of e- (y-glutamyl) lysine crosslink per mole of fibrin. Four of the crosslinks
are contributed by a-chains and two by y-chains. These data provide critical
information for understanding the mechanism of fibrin polymerization. Supple-
mentation of Factor Xlll-deficient plasma with normal plasma commensurately
increased the number of crosslinks formed but complete crosslinking was never
observed.

III. New Biologically Active Substances

A new vasoactive peptide has been isolated from venom sacs of a species
of wasp commonly known as the yellow jacket. Its amino acid sequence is

THR-ALA-THR-THR-ARG-ARG-ARG-GLY-BRADYKININ. The peptide probably also, con-
tains a carboxyhydrate moiety. It could be the first vasoactive glycopeptide
found in nature. The peptide has all the properties of a kinin, i.e., in the
rat it lowers blood pressure, contracts the uterus, and relaxes the duodenum.
It also contracts the guinea pig ileum. Yellow jacket venom also contains
two other minor vasoactive peptides which appear to be related to the main
peptide. The following pharmacologically active substances have been
determined in yellow jacket venom: histamine, histidine decarboxylase, dopa-
mine, norepinephrine and kinin-like peptides. Hornet venom is different in
that it also contains serotonin but no kinin-like peptides. Neither insect
contained detectable epinephrine or acetylcholine. Villikinin, the sub-
stance which stimulates the pumping action of intestinal villi, has been
extracted from intestinal mucosa by a new milder procedure. Biological
activity is destroyed when villikinin is incubated with Pronase, leucine
aminopeptidase or chymotrypsin. Partial inactivation was observed with
trypsin and a mixture of carboxypeptidases A and B. When the villikinin
activity in the extracts was examined on a Bio-Gel P4 column a major peak
with an apparent molecular weight of 860 and a minor peak MW 1760 were obtained.

IV. Droplet Countercurrent Chromatography

Further study of this new separation technique developed jointly in our
laboratory and the Laboratory of Technical Development has resulted in the
development of a simple, inexpensive all-teflon unit easily constructed by
the investigator. Results obtained with this unit are equal to or better
than those achieved by the classical countercurrent distribution method. The
following observations have been made and are applicable to the employment of
droplet countercurrent chromatography: Resolution is inversely proportional
to column diameter, and with a given column, directly proportional to droplet
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size. Droplet size is directly proportional to flow rate and inversely-

proportional to column diameter. Better resolution is obtained with several

short columns than with a single column of equal length. Resolution of high

molecular weight substances (protein, RNA) is not as high as with low

molecular weight compounds (DNP-amino acid).

SECTION ON NEUROENDOCRINOLOGY

I. Steroids, hormones, protein hormones, electrolytes and sensory and

neural function

We have shown that carbohydrate active steroids (CAS) affect the uptake

and release of NE and choline in rat brain synaptosomes, by inhibiting uptake

and by stimulating release probably through the direct affect of CAS on

(Na+ + K"*") ATPase activity. These data and that collected in squid giant

axon suggest that CAS affect neural conduction by alteration of the pumping

mechanism which controls the flux of Na and K across the nerve membrane.

Studies of the role of adrenocorticosteroids on sleep indicate that A

sleep is controlled at least in part by CAS. Whereas CAS influenced REM
sleep in a non-specific manner, as do many pharmacologically active substances,

this is the first demonstration of a role for CAS in A sleep. The only other
drug which has been reported to affect REM and A sleep, and this in the

opposite direction to CAS, is LSD-25.

i
Studies on patients with gonadal dysgenesis indicate that estrogen has ^

an observable effect on evoked response activity of the brain (AER) which
can be identified through the utilization of the AER technique. This observa-
tion adds support to our previous work which indicated that AER activity in

men is measurably different from that in women.

II

.

Metal Metabolism

We have shown that copper is involved not only in the control of
corticosterone secretion by the adrenal gland through its action in the
A^-3 ketosteroid isomerase but also in the regulation of progesterone
secretion by the adrenal gland and by the testis. These results indicate a
role for copper in steroidogenesis heretofore unrecognized.

We have suggested that the important physiological manner by which zinc,
and perhaps also copper, cadmium and nickel, are normally carried in serum
is through the binding of the metals to albumin. Any physiological or
pathological agent of small molecular weight which can strip these metals g
from albumin would therefore result in metal depletion if its presence were f
prolonged since these small molecular weight-metal complexes would readily
pass the renal glomerulus and would be excreted in the urine. Histidine is
the most effective of these agents in producing this effect both in vitro
and in man and has resulted in such a profound depletion of zinc tFat a
definable zinc depletion syndrome is produced. This syndrome can be most
clearly identified retrospectively secondary to the correction of these
abnormalities through the administration of both histidine and zinc f
simultaneously.



Results of these studies suggest that free gastric acid may be

important for the normal absorption of zinc. ZnS04-histidine studies

suggest that zinc in the body is bound in at least two pools, one which is

freely exchangeable with zinc itself and one which is much more tightly

bound and which is depleted by the administration of histidine. Malabsorp-

tion of fat and other food stuffs appears associated with malabsorption of

zinc. Zinc therapy in some patients with carcinomatosis may be efficacious

in correcting their anorexia and taste abnormalities by correcting their

underlying abnormalities of zinc metabolism.

We have demonstrated an identifiably similar receptor structure for

taste in man and chemoreception in blowfly and nematode. Receptor areas

independent of neural structures have been identified in each system.

We have demonstrated that saliva plays an important role in the

maintenance of normal taste acuity. Although the fluid nature of saliva is

not a critical factor the components of saliva which carry out this function

have not been identified.

Zinc deficiency in rat is associated with hypogeusia whereas pair-fed,

i.e., starving, animals exhibit normal taste preferences for those substances

measured. Electrical activity of the chorda tympani nerve is the same in

zinc deficient or in zinc-repleted rats in response to the lingual applica-

tion of representatives of 4 taste qualities.

Receptor membrane protein of the taste buds from circumvallate papillae

of cow have been isolated and their chemical anatomy studied. These studies,

as documented by high resolution electron microscopy and by phase contrast

microscopy, represent the first successful attempt to isolate the membrane of

the taste bud in a relatively pure form. Chemical studies of the membrane
protein fraction indicate a 20-fold enrichment of alkaline phosphatase over

its activity in the crude homogenate of taste bud membrane. Enrichment of

(Na* + K"*") ATPase, 5' nucleotidase and non-specific esterase activity has also

been shown in the membrane protein fraction. Such an enrichment has not
been found in similar fractions obtained from epithelial tissue surrounding
the circumvallate papillae and carried through the same procedure as a control

tissue.

The relationship of salt preference and hypertension has been studied
in a model system and in patients with essential hypertension. In rats with

spontaneous hypertension preference for NaCl, NaHCOj and KCl is markedly
increased over control rats although preference for HCl and quinine is not
different. This suggests that these hypertensive rats exhibit a specific
taste abnormality for Na"*" and K"*" salts. The abnormality in this rat model

system may be of importance in the etiology of their observed hypertension.
Similar elevations in preference for NaCl were found in patients with
essential hypertension in the absence of any abnormalities in their detection
or recognition thresholds for NaCl. This abnormality was also found in two
normal volunteers with a paternal family history of hypertension. This test
may be of some usefulness as a prognostic index of hypertension in susceptible
subjects

.
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The importance of abnormalities of taste and olfaction in the general

population of the U.S. has become increasingly apparent over the past year.

At the NIH alone 20 employees have been studied for such abnormalities. If

one extrapolates from this sample to the entire NIH employee population of

10,000 the incidence of these abnormalities would be 1 in 500. If one

further extrapolates from this sample to the entire population of the U.S.

as many as 400,000 patients with such abnormalities may be present. Such

extrapolations are reinforced by the large number of patient visits (1128)

which have been made to our clinic during the last year. Indeed, it is i

because of this patient need that a Taste and Smell Clinic was initiated at

the NIH and the extensive workup of these patients begun. New techniques

of diagnosis, including localization of Technicium in the nasal area and

examination of biopsies of nasal mucous membranes from patients with these

abnormalities have been discovered. These have already provided new and

useful information by which the diagnosis of the various diseases of taste

and smell can be made and important information relevant to the pathological

processes underlying the loss of taste and smell acuity in man.

Results of the first 103 patients with idiopathic hypogeusia studied

indicate that, as a group, their serum concentrations of zinc were

significantly below normal levels. Treatment with zinc ion (100 mg Zn

daily) resulted in the correction of their abnormal zinc levels and a return

to or toward normal of their altered taste acuity. Withdrawal of zinc therapy

was associated with a decrease in their serum zinc concentrations toward those

measured prior to treatment and a return toward the condition of hypogeusia.

Other studies indicated a similar association between anorexia, lower than

normal zinc levels and hypogeusia in patients with malnutrition, following

thermal bum, with various malignancies, in malabsorption, in porphyria and

in patients with Wegener's granulomatosis. Treatment of patients with

hypogeusia with several different pathological diagnoses with zinc ion was

useful in correction of these abnormalities provided abnormalities of zinc

metabolism were a prominent feature of this disease. In addition, administra-

tion of histidine to subjects with normal taste acuity was uniformly

associated with the production of anorexia, hypogeusia and hyposmia in

association with decreases in serum zinc concentration and increases in

urinary zinc excretion. Histidine is one of the most useful tools to study

both taste and smell acuity as well as metal metabolism. Administration of

zinc with histidine rapidly returns the symptoms of the subjects back to or

toward normal demonstrating the role that zinc plays in the alterations of

the taste system seen in these histidine treated patients.

These studies suggest that one rational approach to understanding the

mechanism of taste loss and its treatment is apparent and thereby allow us

to understand more of the basic mechanism of taste.

(
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Project Title: Studies on the Biological Role of Histamine: Investigations
of Histaminase Activity in Rat Tissues

Previous Serial Number: NHLI-85(c)

Principal Investigator: Michael A. Beaven, PhoD.

Other Investigators : None

Cooperating Units : None

Project Description:

Objectives : As a part of the study of the enzymes that metabolize histamine,

investigations in this laboratory have been directed to histaminase, the enzyme

that deaminates histamine. Histaminase is thought by some workers to be

identical to diamine oxidase, an enzyme that deaminates other diamines in

addition to histamine. In studies with humans, we have found that histaminase

activity is a useful and specific marker of medullary carcinoma of the thyroid

and that in individuals with Type I hyperlipoproteinemia there is a deficiency

in the response of histaminase to heparin administration. This report
describes our continuing investigations in animals, which complement the

studies of histaminase in man. The objectives were 1) to compare histaminase
activity with diamine oxidase activity in various tissues to determine whether
the assays of these enzyme activities are interchangeable; 2) to characterize
histaminase from different tissues by disc gel electrophoresis; and 3) to study

the turnover of histaminase in intestine in vitro and in vivo .

Methods ; Histaminase activity was determined by measurement of the release

of tritium from g-H-histamine (Beaven and Jacobsen, J. Pharm. Exptl. Therap.

176: 52, 1971). Diamine oxidase activity was determined by a modification of

the method of Okujama and Kobayashi (Arch. Biochem. Biophys. 95: 242, 1961)

using p-'^H-putrescine as substrate. Disc gel electrophoresis was performed
on polyacrylamide gel on a Canalco electrophoresis apparatus.

Ma1or Findings : 1« Comparison of histaminase and diamine oxidase activities
in various rat tissues . Assay of the enzyme activities in intestine, thymus,

adrenals, and plasma in 6 rats showed that the ratio of histaminase to diamine
oxidase activity was the same for all tissues.

2. Electrophoresis of histaminase frcm various tissues . These studies
revealed two major activities, a slow-moving, high molecular weight component
and a mobile, low molecular weight component. The slow-moving component was
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preponderant in tissues (70 to 937o of the total enzyme activity) and the

mobile component was preponderant in plasma (41 to 927o of the total enzyme
activity). The mobile component appeared in large amounts in plasma during
pregnancy and in response to the injection of heparin. Two minor components^
whose mobilities lay between those of the slow-moving and mobile components,
were also present although they were not seen consistently.

3. Studies of histaminase activity in intestine . When intact intestine,
major source of histaminase activity in the rat, was incubated in Krebs-
Ringer solution at 37°C, the enzjnne activity passed from the intestine into
the medium at a rapid rate. Half of the tissue enzyme appeared in the

medium within 90 minutes. The passage of enzyme was retarded but not blocked
by incubation at 0°C or in the presence of metabolic inhibitors. Studies
with inverted and noninverted intestinal preparations indicated that the

enzyme diffused from the mucosal and not the serosal surface. When the lumen
of the intestine was perfused with saline in situ , large amounts of enzyme
activity were recovered in the perfusate.

Studies with heparin and cyclohexamide in the whole animal showed the

following: a) after depletion of the intestine of histaminase by large
doses of heparin, en25rme levels were repleted over the course of 10 hours;
b) repletion of the enzyme levels was prevented by pretreatment with cyclo-
hexamide (1 mg/kg), an inhibitor of protein synthesis; c) treatment with
cyclohexamide alone resulted in a slow decline in histaminase activity over
the course of 24 hours. These data indicated that histaminase in the

intestine is synthesized and turned over at a relatively rapid rate and that
the enzyme diffuses continuously into the intestinal lumen.

Significance ; These investigations have shown that histaminase activity
parallels diamine oxidase activity in rat tissues and that the assays of the
two enzyme activities are interchangeable, which suggests that the two
activities may be due to the same enzyme. As detected by disc gel electro-
phoresis, histaminase activity in plasma and tissues consists of a slow-
moving and a mobile component; the latter appears in blood after the
administration of heparin. These findings provide information on the
mechanisms by which heparin releases histaminase from tissues into blood.
The studies confirm that histaminase is turned over at a rapid rate in
intestine. A rapid turnover of histaminase has also been noted in tumor
tissue from patients with medullary carcinoma of the thyroid. The fact that
histaminase diffuses into the lumen of the intestine in large amounts is

evidence that a major role of the enzjone in the gut is in the metabolism of
histamine and diamines formed by bacteria.

Proposed Course of Project : The changes in electrophoretic migration of
tissue and plasma histaminase in response to heparin administration will be
investigated in more detail in a continued study of the mechanism of the
enzyme release by heparin. Disc gel electrophoresis will also be used to
characterize the histaminase activity in medullary carcinoma of the thyroid
tumor tissue.

¥ie
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Project Description:

Objectives ; This project is a continuation of the clinical studies of
histaminase activity in normal and disease states. The studies included:
1) further investigation of the elevated histaminase activity in serum and
tissues of patients with medullary carcinoma of the thyroid and 2) an
investigation of the appearance of histaminase activity in plasma after
administration of heparin to normal individuals and to patients with hyper-
lipoproteinemia.

Previous studies from this laboratory have shown that histaminase
activity is high in serum and tumor tissues from patients with medullary
carcinoma of the thyroid (Baylin et. al

.
, New Eng. J. Med, 283: 1239, 1970).

Other workers (Melvin et_ al
.
, New Eng„ J. Med. 285: 1115, 1971) have shown

that serum calcitonin levels are also elevated in this disease. The present
study compares the usefulness of the measurement of histaminase activity and
calcitonin levels in serum in the diagnosis and evaluation of the treatment
of medullary carcinoma of the thyroid. In addition, histaminase activity has
been measured in tumor and tissues to determine whether the enzyme can serve
as a marker for the tumor.

The purpose of the studies with heparin was to determine if an increase
in histaminase activity could be detected in plasma after small doses of
heparin (10 units/kg) I.V. and whether patients with Type I hyperlipo-
proteinemia, a condition in which there is a diminished response of plasma
lipoprotein lipase to heparin administration, have a similar abnormality
in the response of plasma histaminase activity.
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Methods : Histaminase activity was assayed by the procedure of Beaven and
Jacobsen (J. Pharmacol. Exptl, Therap, 176: 52, 1971), Calcitonin levels
were assayed by radioimmunoassay (Tashjian et_ al

.
, New Eng. J. Med. 283:

890, 1970) in the laboratory of Dr. A. H. Tashjian, Jr.

Control subjects were either healthy volunteers hospitalized at the NIH
and the New England Medical Center or laboratory personnel who had no known
medical problems. The patients with medullary carcinoma of the thyroid in-
cluded members of three families with the inherited disease and patients
whose families had no history of the disease. The diagnosis of medullary
thyroid carcinoma was confirmed in all cases by histological studies of
surgical, biopsy, or necropsy specimens and, in many cases, by the finding of

a high level of calcitonin in tumor tissue. Tissues for chemical analyses
were also obtained at surgery and in several patients at necropsy.

Major Findings : 1) Histaminase Activity in Patients with Medullary Carcinoma
of the Thyroid .

A) Histaminase activity and calcitonin levels in serum . Serum
histaminase activity in 64 control subjects ranged from 0.3 to 4.8 (mean 1.6)
units/ml. Three subjects had activities greater than 3.5 units/ml (+2 S.D.
from the mean), which is considered abnormal for this enzyme. In 42 patients
with localized and metastatic medullary carcinoma of the thyroid, 33 of whom
were members of families in which the disease was inherited, 21 were found to
have abnormally high serum histaminase activity with values as high as 90 units/
ml. Patients with metastatic disease tended to have higher enzyme activity
than those with localized disease. Eighteen of 26 patients (707o) with
proven metastatic disease had histaminase activity greater than 3.5 units/ml.
Only 3 of 16 patients (19%) with localized disease had serum activity greater
than 3.5 units /ml.

Twenty-six unaffected members of the families with inherited disease had
serum histaminase activity that ranged from 0.5 to 4.1 units/ml, with a mean
value of 2.1 units/ml. Two members had activity greater than 3.5 units /ml.

Serum calcitonin levels were abnormally high in all but two of the
patients with medullary carcinoma of the thyroid.

Twenty patients have undergone surgery for removal of medullary thyroid
carcinoma. Serum histaminase activity decreased in most of these patients
after surgery. However, 6 patients continued to have high histaminase
activity (> 3.5 units/ml) after surgery and 4 of these patients had local
cervical metastases. Basal serum-calcitonin levels decreased in all patients
after surgery despite the persistence of elevated histaminase activity in
some patients. The high enzyme activity raised the question of remaining
occult metastases in these patients.

B) Histaminase activity in tumor and tissues . Histaminase activity has
been measured in primary and metastatic tumor from 11 patients and has ranged
from 260 to 4300 units/gm tissue compared to 20 to 1735 units/gm for normal
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kidney and intestine and less than 50 units/gm for other tissues and tumors.

In several patients with disseminated medullary carcinoma of the thyroid,

high histaminase activity was found not only in the solid tumor but also in

tissues which contained microscopic foci of tumor such as thyroid, lung,

liver, pituitary, ovary, and pancreas. One patient with widely disseminated
disease, who had received the histaminase inhibitor aminoguanidine 5 hours %
before death, had low enzjrme activity in serum, tumor, kidney, intestine,

and other tissues. This patient had high serum histaminase activity before
administration of aminoguanidine, and it appeared that the drug had inhibited
the enzyme activity in both serum and tissues.

C) Essentially all of the familial cases of medullary carcinoma of

the thyroid that we have studied at the NIH have been from one large family,

with the name Wampler. This family suffers from Sipple's syndrome or

multiple endocrine adenomatosis type II and members have one or more of

the following: medullary carcinoma of the thyroid, hyperparathyroidism and
pheochromocytoma. The family is unbelievably large and we have data on

parts of 5 generations. We have learned the following information from our

study of this family. The carcinoma of the thyroid is always of the medullai^r

type, always produces calcitonin, usually contains amyloid and appears to be

inherited as an autosomal dominant. It is best diagnosed by an elevation
in basal serum calcitonin levels. Serum histaminase levels are generally
elevated only when the cancer has metastasized outside the thyroid. Palpa-
tion of the neck, scan of the thyroid after ll31 ^^d arteriography are help- I

ful when abnormal but are generally negative even in the presence of carcinoma.
Venous sampling is only confirmatory of the diagnosis. The tumor is always
bilateral and often there are many foci in both thyroid lobes. The cancer
has a wide spectrum of activity varying from a long, slow course to a highly
malignant and rapidly fatal one. Many patients have either parathyroid
hyperplasia or adenomas. Many but not all of these can be diagnosed pre-
operatively by hypercalcemia, hypercalciuria, hypophosphatemia and an

elevated serum alkaline phosphatase. Identification of the parathyroids is

essential in all of these patients undergoing surgery for thyroid cancer.

In those patients with generalized parathyroid hyperplasia resection of

3-1/2 glands is necessary. The pheochromocytoma is the least frequent part
of the syndrome. It is most often bilateral and while it can be diagnosed
by usual tests for metanephrines, vani Imande li c acid or catecholamines, it

often gives a negative response to provocative tests such as tyramine or

glucagon.

2) Serum Histaminase Activity after Administration of Heparin . Heparin
in doses as low as 10 units/kg I.V. produced a 0.5 to 2.5-fold increase in

plasma histaminase activity in 27 out of 32 control subjects. Larger in-
creases in activity were observed after 20 units heparin/kg (2.5- to 6-fold)
and 75 units heparin/kg (5- to 25-fold). The extent of the increase varied
widely among individuals but in a particular individual the response was
constant and was dose dependent. Enzyme activity increased to peak levels
within 10 minutes and then declined exponentially with a half-life of 40 to

60 minutes. This pattern of response was also observed in patients with
medullary carcinoma of the thyroid and in a patient with severe Ijmiphangectasii
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of the intestine. A lack of response to heparin was noted in patients with

Type I hyperlipoproteinemia; 6 out of 12 patients did not respond to 10

units heparin/kg and 1 patient did not respond to 75 units heparin/kg. All

but 1 patient showed a small increase in enzyme activity after 75 units

heparin/kg. By comparison, a response was observed in 24 out of 27

patients with Types III, IV, and V hyperlipoproteinemia after 10 units

heparin/kg. One patient with Type I disorder had a large increase in

plasma histaminase activity during pregnancy but showed no increase in

enzyme activity in response to heparin.

The exponential decline in histaminase activity after heparin adminis-

tration suggested a clearance of the enzyme from blood at a single site in

the body. Measurement of histaminase activity in blood samples obtained by

catheter from different locations in one patient, who had medullary carci-

noma of the thyroid and who had high plasma histaminase activity, indicated

that the enzyme was completely cleared from the blood by the liver.

Significance ; The studies show that elevated serum histaminase activity

is an indicator of medullary carcinoma of the thyroid and that measure-

ment of serum histaminase activity may be useful in the preoperative

detection of metastatic disease and in the search for residual tumor after

thyroidectomy. Histaminase activity appears to be a sensitive marker for

the tumor in tissues. We have been able to obtain a great deal of very

important information about medullary carcinoma of the thyroid, calcitonin,

parathyroids and pheochromocytomas from studies of the Wampler family. This

is a rare opportunity to study genetic cancer in man.

The studies with heparin reveal a possible defect in the response of

plasma histaminase activity in patients with Type I hyperlipoproteinemia
and may provide further information on the mechanism of the release of the

ezizyme by heparin.

Proposed Course of Project : The enzymes concerned with the synthesis of

histamine and polyamines, such as histidine decarboxylase and ornithine

decarboxylase, will be measured in medullary carcinoma tumor to determine

whether the high histaminase activity in this tumor arises in response to

high levels of histamine or polyamines, the natural substrates of histaminase.

Further measurements of histaminase activity in catheter blood samples from

patients with high histaminase activity will be carried out to determine
the site(s) of removal of histaminase from the circulation. More members

of the Wampler family will be screened and treated for their disease to

determine if this is all the result of one or more genes, if the thyroid

carcinoma and its calcitonin causes the parathyroid changes, if the para-

thyroid changes with its hypercalcemia lead to the thyroid carcinoma or if

they arise independently.

Honors and Awards : None

f75



Serial Noo NHLI-185(c)

Publications

:

1. Baylin, S.B., Beaven, M.A., Buja, L„M. , and Keiser, H.R.

:

Histaminase activity: a biochemical marker for medullary
carcinoma of the thyroid. Am. J. Med. . in press.

2. Baylin, S.B., Beaven, M.A., Keiser, HoR., Tashjian, A.H., Jr.,
and Melvin, K.E.W.: Serum histaminase and calcitonin levels
in medullary carcinoma of the thyroid. Lancet I: 455-458, 1972,

*f7<f



Serial No. NHLI-186(c)
1. Experimental Therapeutics Branch
2. Section on Experimental Medicine
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the Biological Role of Histamine: Metabolism

of Histamine in Man

Previous Serial Numbers: NHLI-87(c)
NHLI-88(c)

Principal Investigator: Michael A. Beaven, Ph.D.

Other Investigators: Harry R. Keiser, M.D., Zdenka Horakova, Ph.D.,

and Floyd L. Atkins, M.D.

Cooperating Units : None

Project Description:

Objectives : As part of a continued study on the biological role of histamine,

the synthesis and metabolism of histamine in man has been investigated. It

was of interest to find ways to increase tissue histamine levels in the

treatment of vascular disorders. One approach was the administration of large

doses of L-histidine, the precursor of histamine, to increase the synthesis

of histamine. Another approach was the administration of various inhibitors

of the enz3Tiies that metabolize histamine. The effectiveness of these

approaches was assessed by determining if there was an increase in urinary

histamine excretion or an inhibition of the metabolism of p—^H-histamine in

vivo . The normal excretion of histamine in urine was described in Project

Report No. NHLI-88(c), 1970-71, and the metabolism of p-'^H-histamine in

Project Report No. NHLI-87(c), 1970-71. Studies of histidine decarboxylase,
the enzjnne responsible for the synthesis of histamine, were also initiated

since little is known about this enz3rme in man. The most convenient source

of the enzyme in man appeared to be the white cell. However, this study

required measurement of enzyme activity in small amounts of sample, and work
was undertaken to adapt the assay of histidine decarboxylase for this purpose.

Methods : Histamine was assayed in urine by an enzymatic procedure as described

by Beaven et al. (Clin. Chim. Acta 37: 91, 1972). The assay of histidine

decarboxylase activity was based upon the method of Schayer et^ al. (Am. J.

Physiol. 196: 295, 1959) but was extensively modified to allow measurement
of enzjTne activity in small tissue samples. The tissue homogenate or white
cell-rich plasma was incubated with L-histidine-2--'-^C (purified to remove

traces of histamine- C), pyridoxal phosphate, aminoguanidine, and buffer.

At the end of the incubation, unlabeled histamine was added and the histamine
extracted by a butanol extraction technique. The extracted histamine was
converted to a dibenzene-sulfonyl derivative, purified by crystallization,
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14
and the crystalline derivative assayed for C by liquid scintillation
spectrometry. The preparation of p--^H-histamine and procedures for assay

of its labeled metabolites in urine were described in Project Report No.

NHLI-87(c)^ 1970-71 « L-histidine was administered to patients as a

suspension in apple sauce. Other drugs were administered in capsules. White
cell-rich plasma was prepared as described in the Project Report of Dr. F. (

Atkins, NHLI, 1971-72.

Major Findings ; 1) Effect of administration of L-histidine on urinary
histamine levels » Daily urinary histamine excretion in 10 subjects ranged
from 5 to 28 lig (mean 14) /24 hr. After the administration of L-histidine,
in doses of 5 to 50 g daily, urinary histamine excretion increased in all

subjects. With the higher doses of L-histidine, the increase was propor-
tionately greater than with the lower doses of the amino acid. Histamine
excretion after 50 g of L-histidine ranged from 430 to 1010 iJ.g/24 hr in the

different subjects. On the assumption that 2% of the histamine formed in

the body was excreted unchanged (see below), it was calculated that 20 to

50 mg of histamine had been formed after this dose of L-histidine o Histamine
levels in urine returned to normal within 24 hours after discontinuing
L-histidine administration.

2) Effect of aminoguanidine and chloroquin on urinary histamine levels .

Urinary histamine levels increased after the administration of aminoguanidine
(10 mg, 3 times daily), an inhibitor of histaminase activity, and after the

administration of chloroquin (250 mg daily), an inhibitor of histamine-N-methy
transferase activity. The increases were small and ranged from 20 to 60 (j,g/

24 hours.

3
3) Studies on the metabolism of g- H-histamine . Data obtained from 2

patients this year, in addition to the 6 patients studied last year (Project

Report No. NHLI-87(c)), have shown that 5 to 8% of the p- H-histamine was
metabolized by histaminase as indicated by the release of ^H as ^H20.

Two percent of the p- H-histamine appeared unchanged in urine; 10 to 20%

appeared as -'H-methylhistamine; 13 to 337o as H-imidazole acetic acid ribo-
side; and 56 to 79% as H-methy 1 imidazole acetic acid. Thus, histaminase
played a minor role and histamine-N-methy Itransferase and monoamine oxidase
a major role in the metabolism of p- H-histamine in man. The importance of

monoamine oxidase and histamine-N-methy Itransferase was confirmed in studies
with inhibitors of these enzymes. Administration of pargyline (1 mg/kg),
an inhibitor of monoamine oxidase, to 2 patients resulted in an increase
(from 7 to 22% and from 14 to 32%) in the amount of p-^H-histamine that

appeared as -^H-methylhistamine and a corresponding decrease in the amount
that appeared as H-methylimidazole acetic acid, the deaminated product of
methylhistamine . Administration of chloroquin (250 mg daily) for 9 days
resulted in sufficiently high levels of chloroquin in plasma and urine to

inhibit his tamine-N-methyltransferase by more than 90%. Administration of
aminoguanidine to 4 patients (30 mg/kg daily) resulted in a reduction in -^H20

and ^H-imidazole acetic acid riboside in urine.

4) Histidine decarboxylase activity in human blood cells . The white cell

2 V7£



Serial No. NHLI-186(c)

is the repository for histamine in blood. Evidence indicates that the

histamine is located largely in the basophil. Histidine decarboxylase
activity and histamine were assayed in white cells from normal individuals

and patients with chronic myelogenous leukemia (CML), a condition associated
with high levels of circulating basophils and histamine. Histamine levels

in normal individuals (n=20) ranged frcsn 70 to 120 ng/ml white cell-rich
plasma and from 985 to 1317 ng/ml in patients with CML (n=3). Histidine
decarboxylase activity was low^ 0.4 nmoles/hr/ml white cell-rich plasma, in

normals and high, 2.6, 3.1, and 120 nmoles/hr/ml, in patients with CML.

Biopsies of bone marrow cells from one patient had high histamine, 9700 ng/g
marrow, and high histidine decarboxylase activity, 643 nmoles/hr/g marrow.

In another patient, bone marrow obtained at postmortem contained only traces
of histamine, 6 ng/g, and no enzyme activity. The histidine decarboxylase
activity in the white cells was inhibited completely by NSD-1055 (10"^ M),

a potent inhibitor of pyridoxal-dependent decarboxylase enzymes, and a-methyl-
histidine (10"^ M), an inhibitor of the specific mammalian histidine
decarboxylase enzyme; but it was not inhibited by a-methyldopa, an inhibitor
of the non-specific aromatic amino acid decarboxylase.

As noted above, histamine levels in the blood did not increase after
administration of L-histidine, despite the presence of histidine decarboxylase
in blood white cells. This may indicate that histamine levels in the white
cell are held in dynamic steady-state or that all binding sites for histamine
in the white cell are occupied.

Significance ; The studies have revealed that considerable amounts of histamine
are made in the body after large doses of L-histidine and that the histamine
is rapidly metabolized and excreted. In addition, histamine metabolism can

be altered by administration of inhibitors of the enzymes that metabolize
histamine in the body. Since histamine is a potent vasodilator, this infor-
mation provides a rational basis for the treatment of vascular disorders such
as Raynaud's disease.

Proposed Course of Project ; Further studies with inhibitors, alone or in
combination with L-histidine, will be carried out. In addition, combinations
of the various inhibitors will be tried. Both urinary histamine and tissue

(biopsy) histamine will be assayed. The investigation of the histidine
decarboxylase activity in white cells will be continued. It is anticipated
that these investigations will provide information on the role of histamine

in vascular physiology.

Honors and Awards; None

Publications: None
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3o Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the Biological Role of Histamine: Immunological
Release of Histamine from Leukocytes of Normal Volunteers
and Allergic Subjects

Previous Serial Number: None

Principal Investigator: Floyd L„ Atkins, M.D.

Other Investigators: Michael A. Beaven, Ph.D. and Harry R. Keiser, M.D„

Cooperating Units: None

Project Description:

Objectives : Although the role of histamine in the mediation of the anaphylacti
response is well known, the possible role of this vasoactive amine in the

pathophysiology of hay-fever and asthma requires further investigation. Other*
workers have established that blood leukocytes from allergic subjects can be
stimulated to release histamine when incubated with the specific allergen in
vitro (Lichenstein and Osier, J. Exptl„ Med. 120: 507, 1964). However, pre-
vious methods for the assay of histamine have required the isolation and
concentration of leukocytes. The purpose of the present work was to adapt the
sensitive enzymatic assay of histamine (Beaven et al

•
, Clin. Chim. Acta 37:

91, 1972) to the direct study of the release of histamine from leukocytes.
It is hoped to employ this approach in an investigation of the role of histamin
in immediate-type allergy and of the drugs used in treatment of allergy.

Methods : A total of 80 patients with and without history of ragweed allergy
were given intradermal skin tests with ragweed antigen. Heparinized blood
was drawn from selected patients, mixed with a 5% solution of low molecular
weight clinical dextran and the red cells allowed to settle at room temperature
The resultant white cell-rich plasma was incubated for 30 minutes with
differing concentrations of the ragweed antigen. The white cell suspension
was centrifuged and histamine was assayed in the cell-free supernatant fluid.
The percent of histamine release was calculated from the total leukocyte M
histamine and histamine in the cell-free supernatant. '

Major Findings : The total leukocyte histamine in all individuals was in the
range of 70 to 120 i^/ml of white cell-rich plasma (n=20). Patients with
positive ragweed skin reaction released greater than 507o of their leukocyte
histamine during incubation with ragweed antigen. The concentration of
antigen required for maximum release varied from patient to patient and m
ranged from 2 x 10"^ to 2 x 10"° iig/ml. Control patients showed no release of"
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histamine even at the highest concentration of antigen. The investigations

established that histamine release in the sensitized individual can be

measured readily in small volumes of blood.

Significance : The in vitro release of histamine provides a useful model to

study the mechanisms of allergic response and to evaluate the ability of

drugs to inhibit histamine release in vivo and in vitro. Through these

studies a better understanding of the pathophysiology and treatment of allergic

asthma and hay-fever may be achieved.

Proposed Course of Project ; Studies will be continued to include patients

who have undergone desensitization. The purpose of the study is to determine

if this treatment has had any effect on leukocyte histamine levels or the

cellular release of histamine. The effect of epinephrine, norepinephrine,

isoproterenol, prostaglandin Ej^, and salbutamol on histamine release in vitro

will be investigated. It is hoped to extend these studies in vivo to test

the efficacy of such drugs by comparing clinical parameters with the release

of histamine.

Honors and Awards : None

Publications: None
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PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the Biological Role of Histamine: Participation
of Histamine in Inflammation

Previous Serial Number: NHLI-92

Principal Investigator: Zdenka Horakova, Ph.D.

Other Investigators: Michael A. Beaven, Ph.D.

Cooperating Units: None

Project Description:

Objectives : Studies were undertaken to reinvestigate the participation of
histamine in the inflammatory response to various types of injury. It is

believed that histamine has a transient role in the development of inflamma-
tion because earlier studies have shown that the amine has largely dis-
appeared from tissue at a time when inflammation is still developing. However,
in these studies the assays were insufficiently sensitive to measure the low
levels of histamine that may be present after depletion of histamine stores
and that may represent newly synthesized amine. The availability of the

specific and sensitive enzymatic assay for histamine made it possible to

follow more precisely the changes in tissue histamine during inflammation.

Methods : Heat injury was produced in the rat paw by immersion of the paw
in hot water at 48°, 53°, or 56°C for 30 sec. Inflammation was also induced
by injection of a uric acid suspension (10%, 0.1 ml). Samples of skin and
underlying tissue were removed from the paw by skin-punch, and samples of

wound exudate and of blood from the aorta and popliteal vein were collected.
The amount of edema was assessed by measurement of paw volume. Histamine
was assayed by the enzymatic procedure of Beaven et al. (see publications
below)

.

Major Findings : Course of Inflammation and Histamine Release . Edema did not

develop after 48° but did develop after 53° and to a greater extent after 56°.

The edema was evident within a few minutes of heat injury and by one hour

the paw had swollen to 2 to 3 times its normal size. The edema persisted for
the remaining 24 hours of the experiment.

Assay of biopsies of paw tissue showed that tissue histamine remained un-
changed after 48° but declined from 24 to 7 |Jg/g after 53° and to 3 yg/g after
56°. The majority of this decline occurred within 30 minutes. In the fluid

which drained from the biopsy wound, histamine levels (0.4 pg/ml) did not
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change after 48° but increased to 1.1 yg/ml after 53° and to 2.0 yg/ml after
56°. The levels decreased to low values within 2 hours after 53° but not
for 24 hours after 56°. Histamine also appeared in the circulation after

Injury. At 56° serum histamine levels rose 4-fold in venous blood from the

injured paw (popliteal vein) and 2-fold in arterial blood. Peak levels of

histamine in blood and wound fluid correlated with the fall in tissue

histamine concentration.

Uric acid produced a slowly developing edema (50% increase in paw
volume). There was no marked change in histamine levels in the paw tissue

or the circulation. Histamine levels, however, did decrease in the wound

fluid during the development of edema.

Effect of Drugs on Inflammation and Histamine Release . Depletion of

tissue histamine by administration of the histamine liberator, compound 48/80

(1 mg/kg, i.p., 4 times over 48 hr) , resulted in only a small (30%) increase

in paw volume in response to heat injury compared to a 2- to 3-fold increase

in volume in non-48/80 treated rats. The amount of histamine in the wound

exudate of the 48/80 treated animals was less than 5% of that seen in non-

treated rats after heat Injury. Continued observation indicated that in

the 48/80 treated rats, tissue damage was less severe, healing was more

rapid, and there was less joint fixation. In preliminary experiments,

administration of glucose prior to or immediately after Injury resulted in a

considerable reduction of edema and in release of histamine.

Significance ; The studies show that 1) histamine is released directly into

tissue fluid and the circulation during the development of edema after thermal

injury; 2) elevated histamine levels persist in wound fluid and blood after

the tissue histamine has been depleted and histamine could still be a factor

in the later stages of Inflammation; 3) administration of compound 48/80 and

glucose reduced edema formation and histamine release considerably, ameliorated

tissue damage after severe Injury, and promoted more rapid healing of the

tissue. Thus, histamine may have a role in all stages of inflammation, which

will be important in consideration of the mechanism and the treatment of

inflammation.

Proposed Course of Project : Tissue hlstldine decarboxylase activity will be

assayed in a study of the source of histamine appearing in the wound fluid.

The investigation of the effect of various drugs on inflammation and histamine

release will be continued. The action of compound 48/80 and glucose will be

studied in more detail to determine if these agents act through changes of

histamine release or, in the case of compound 48/80, by promoting collagen

deposition.

Honors and Awards : None

Publications:
1. Beaven, M.A. , Jacobsen, S., and Horakova, Z.: Modification of the

enzymatic isotopic assay of histamine and its application to measure-

ment of histamine in tissues, serum and urine. Clin. Chim. Acta

37: 91-103, 1972.
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1. Experimental Therapeutics Branch
2. Section on Experimental Medicine
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July I, 1971 through June 30, 1972

Project Title: Studies on the Biological Role of Histamine and Polyamines:
Ornithine Decarboxylase and Histaminase Activities in Rat
Thymus

Previous Serial Number: None

Principal Investigator: Floyd Lo Atkins, M.Do

Other Investigators: Michael A. Beaven, Ph.D„ and Wybren de Jong, M.D., Ph.D.

Cooperating Units: None

Project Description:

Objectives : Preliminary studies in this laboratory indicated that rat thymus
contains high levels of ornithine decarboxylase and histaminase (diamine
oxidase). Ornithine decarboxylase is the enzyme that catalyzes the synthesis
of putrescine frran ornithine, and histaminase catalyzes the deamination of
putrescine and other diamines such as histamine. Putrescine is further con-
verted in the body to the polyamines, spermidine and spermine. In recent
years the polyamines have been of interest because of their possible role in

the regulation of rapid tissue and cell growth (Raina and Janne, Fed. Proc.

29: 1568, 1970). The fact that thymus is an organ in which cells multiply
and turnover at a rapid rate led us to investigate the presence of ornithine
decarboxylase and histaminase in thymus in further detail.

Methods : Ornithine decarboxylase activity was assayed by measurement of the

release of ^'^002 from D,L-omithine-carboxyl--'-^C. Histaminase activity was
determined by measurement of tritiated water formed upon deamination of p-^H-
histamine (Beaven and Jacobsen, J. Pharmacol. Exptl, Therap. 176: 52, 1971).
Dexamethasone phosphate (500 lag/kg) was administered s.c. either in a single
dose or on consecutive days to deplete thymus Ijnnphocytes. The animals were
sacrificed 24 hours after administration of dexamethasone.

Major Findings : A survey of a large number of rat tissues indicated that
thymus contained higher levels of ornithine decarboxylase and histaminase
than all other rat tissues except intestine. High levels of both enzyme
activities were found in thjnnus of a wide variety of rat strains and germ-
free rats. The ornithine decarboxylase activity, and to a lesser extent
the histaminase activity, declined after the involution of thymus in older rats.

The two enzyme activities were altered differently by dexamethasone
treatment. After a single dose of dexamethasone, ornithine decarboxylase
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activity in thymus was diminished by 60% while histaminase activity was un-
changed. After two doses of dexamethasone, thymic ornithine decarboxylase

activity decreased by more than 90% while histaminase decreased by 307o. From

these results it was apparent that the two enzyme activities were from

different sources. Assays of isolated thymus lymphocytes showed that 90% of

the ornithine decarboxylase in thymus was present in these cells and that

99% of the histaminase activity resided outside the lymphocyte.

An interesting finding was that the ornithine decarboxylase activity in

the lymphocyte disappeared upon disruption of the cell by vigorous homogeniza-
tion or sonication. Studies in other tissues have indicated that ornithine
decarboxylase activity may be associated with cell membranes.

The thymus contained low levels of histidine decarboxylase activity in

contrast to the high levels of ornithine decarboxylase^ which suggested that

putrescine, rather than histamine^ was the major substrate for thymus

histaminase activity.

Significance : The polyamines have recently been identified as growth factors

in cell cultures (Pohjanpelto and Raina, Nature 235: 247, 1972), In the

thymus where Ijnnphocytes are rapidly proliferating and high ornithine

decarboxylase activity is present, the polyamines may act as growth factors.

The finding of high histaminase activity outside the lymphocytes suggests that

the function of the enzyme in thymus is to destroy putrescine that diffuses
from the Ijmiphocytes . The present studies show that the thymus lymphocyte
may serve as a useful model to investigate the role of polyamines in the

living cello

Proposed Course of Project : Studies will be continued to determine if ornithine
decarboxylase is present in lymphocytes in other organs of the body or if the

(high) enzyme activity is specific for thymus -derived lymphocytes. In

addition, another enzyme concerned with polyamine metabolism, S-adenosyl-
methionine decarboxylase, will be measured in lymphocytes. The studies will
be extended to humans and the enzyme activities assayed in lymphocytes in the

circulation of patients with Ijmiphatic leukemia to determine if these enzymes
can be used as cell markers and be of diagnostic or prognostic significance.

Honors and Awards : None

Publications: None

1^3



Serial No. NHLI-190
1. Experimental Therapeutics Branch
2. Section on Experimental Medicine
3. Bethesda, Maryland

PHS-NIH
Individual Project Report
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Project Title: Effects of Pharmacological Agents on Central Neurotransmission

Processes Using the Spinal Cord as a Simple Model System.

Previous Serial Number: NHLI-83

Principal Investigator: B. Van Clineschmidt, Ph. D.

Other Investigators: Harry R. Keiser, M.D. and Walter Lovenberg, Ph. D.

Cooperating Units: None

Project Description:

Objectives : The spinal cord is an excellent model for investigating the

effects of substances believed to influence central monoamine neurotransmitter.
Using this model we sought to elucidate the interactions of tricyclic anti-
depressants and monoamine oxidase inhibitors (MAOI) on spinal cord monosynaptic
reflex (MSR) activity and on spinal cord levels of serotonin (5-HT) and norepi-
nephrine (NE) .

Methods : Spinal reflex activities from an Ly ventral root are amplified and

displayed on an oscilloscope. The reflex is evoked by stimulating the cor-

responding dorsal root in unanesthetized spinal cats. Samples of lumbosacral
spinal cord were assayed for 5-HT and NE. Five-HT was extracted by the method
of Bogdanski et al (J. Pharmacol. Exp. Ther. 117 :82, 1956) and determined
fluorometrically after reaction with o-phthaldialdehyde (Maickel et al.. Int.

J. Neuropharmacol . _7:275, 1968). NE was determined fluorometrically by the

method of deChamplain et al (Circulation Res. 20: 136, 1967).

Major Findings : The tricyclic antidepressant Imipramine (5 mg/kg) infused

i.v. over a 10 minute period, produced an increase in the MSR spike height in

acute spinal cats treated 3 hours previously with the MAOI phenylisopropyl-
hydrazine (PIH) . The imipramine-induced increase in the size of the MSR was
evident within 1 minute and reached its maximum, a 215% (range 33 to 400%)

increase on the average, at 5 to 15 minutes. Imipramine did not facilitate
MSR transmission in either acute spinal cats pretreated with saline or in

chronic spinal cats pretreated with PIH. Imipramine increased the MSR spike
height in acute spinal cats pretreated with the nonhydrazine MAOI pargyline.
However, the combination of pargyline and imipramine produced quantitatively
a less consistent enhancement of the MSR than PIH and imipramine.

Three hours after administering PIH 5 mg/kg i.v., the level of 5-HT in

the lumbosacral cord was 1.79 ± 0.13 ug/g, an increase of 29% over that of
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saline treated controls, 1.39 ± 0.14, p < .05. A similar change in the level
of 5-HT occurred after administration of pargyline in a dose of 50 mg/kg.
Neither MAGI produced a significant change in levels of NE in the cord.

Significance ; The interaction of imipramine and MAOIs on MSR was shown
previously in acute spinal animals. This is the first demonstration that
chronic spinal transection, which causes depletion of NE and 5-HT in the cord
caudal to the lesion, abolishes the interaction between imipramine and PIH on
the MSR. Previous studies with monoamine precursors indicate that either NE

or 5-HT could be involved in the interactions on the MSR. Our chemical
findings favor 5-HT as the monoamine involved. This is in agreement with the
data of others which indicate that 5-HT is the major cause of hyperthermia in

rabbits treated with pargyline and imipramine. This provides new insight into

the serious toxic reactions which have occurred in patients given tricyclic
antidepressants such as imipramine while on therapy with an MAOl.

Proposed Course of Project : Project terminated.

Honors and Awards: None

Publications:

1. Clineschmidt, B.V. , Pierce, J.E., and Sjoerdsma, A.: Interactions of
tricyclic antidepressants and 5-hydroxyindolealkylamine precursors on
spinal monosynaptic reflex transmission. J. Pharmacol. Exp. Therap . 179:
312-323, 1971.

2. Clineschmidt, B.V.: Spinal monoamines and the toxic interaction between
monoamine oxidase inhibitors and tricyclic antidepressants. Europ. J .

Pharmacol . , in press

.
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Project Title: Metabolism of hydroxyproline and collagen.

Previous Serial Number: NHLI-82(c)

Principal Investigator: Harry R, Keiser, M,D.

Other Investigators: I. Kelman Cohen, M.D, , Michael A. Heaven, Ph.D.,
Jordan Miller, M.D. , and Charles Vogel , M.D.

Cooperating Units: Anesthesiology Department, Clinical Center; Solid
Tumor Centre, Uganda Cancer Institute, Kampala, Uganda;
NCI.

Project Description:

Objectives : 1. Development of new methods for studying collagen metabolism
in man and animals. 2. Application of these methods to the study of collagen t

metabolism in normal man, healing wounds and the pathogenesis of various
collagen diseases. 3. Study of the effect of various agents on wound healing.
4. Elucidation of the biochemistry of keloids and hypertrophic scars, two

examples of overabundant wound healing. 5. Determination of the clinical
significance of protocollagen proline hydroxylase (PPH) activity in the blood.

Methods ; Hydroxyproline, a non-essential imino-acid, is a unique marker for

collagen. Assay techniques for Hyp in blood, urine and tissue have been
developed and tested in this laboratory and described previously. Methods
were also developed for studying the rate of collagen synthesis and the

collagenase activity in tissues in vitro . These techniques have been applied
to studies of the differences between keloids, hypertrophic scars, normal
scars and normal skin in patients.

PPH activity in blood is measured by a modification of the technique of

Hutton and Udenfriend. A substrate is prepared by incorporation of L-3,4-3h-

proline into proline-rich protocollagen. During hydroxylation by PPH one

molecule of tritiated water is produced for each molecule of hydroxyproline |

produced. This assay is relatively quick and easy once the labeled substrate

has been prepared. Originally we used a homogenate of 7-day-old chick

embryos to make the substrate. This proved to be an expensive, tedious

and capricious system. We have now used calvaria from 17-day-old chick

embryos and find this system to be 20 times more active and thus less expensive,

easier and more dependable. Most recently we have adapted this system to

assay of PPH activity in blood vessels. We find the system to be linear with .

increasing amounts of tissue and with the length of the incubation period. *
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Major Findings : From our own work and that of others, PPH activity in
tissues has proven to be a good indicator of the rate of collagen synthesis.
We found that PPH activity in keloids from 14 patients, 4084 + 524 dpm/mg/hr
(mean + SEM) , was greater than that of hypertrophic scars from 7 patients,
1338 + 424, p < .01. The PPH activity in both lesions was greater (p < .01)
than that in skin adjacent to 13 abnormal scars, 376+36; in 8 normal scars,
301 + 80 or in skin from 10 normals, 179 + 16. The differences in PPH
activity between the last three groups were not statistically significant.
The collagenase activity in a tissue is a good indicator of the rate of
collagen degradation. Collagenase activity in 8 keloids was 37.7 + 5.6 mg/
gm/hr (mean +^ SEM) while that in 5 hypertrophic scars was 16.4 + 4.9 and
in 7 normal scars 14.4 + 5.5. There was no collagenase activity detectable
by our assay in 7 samples of normal skin. To obtain further evidence that
the collagenase activity measured was biologically significant acid-soluble
collagen extracts were prepared from samples of keloid, normal scar and
normal skin and then purified. Electrophoresis of these preparations on
disc gels demonstrated the presence of the specific large fragments of collagen
which result from the action of collagenase in keloid and normal scar but not
in normal skin. Previous work by others has indicated that histamine may be
a stimulus for collagen formation and that there are a large number of mast
cells in keloids. We have found that the histamine content in 11 keloids
was 39.2 + 4.1 yg/mg dry wt (mean + SEM) while that in 2 hypertrophic scars
was 17.5 + 1.3. The histamine content of both of these lesions was signifi-
cantly higher (p < .01) than that in 6 normal scars, 7.7+3.7, or in 7

samples of normal skin, 7.7 +_^.U. This prompted us to try a preliminary
uncontrolled trial of the antihistamine, diphenhydramine hydrochloride, on
patients with these lesions. Interestingly, 5 of 8 patients had complete
relief of their symptoms of itching and burning pain in the lesions with
this therapy.

Our studies of serum PPH activity have now been extended to over 600
patients from both the U.S.A. and Africa. Our normal level is up to 600 dpm/
ml/hr (2 S.D. above mean). Of 90 patients with hepatocellular carcinoma
57% had serum PPH levels greater than 1000, while 29% had values of 600 or
less. In contrast, of 117 "control" patients with other diseases only 6% had
PPH levels greater than 1000, while 85% had values of 600 or less. All of the
"control" patients with PPH levels greater than 600, i.e. 11 patients with
levels of 600 to 1000 and 7 patients with levels over 1000, had liver disease.
The major diagnoses in this latter group were acute viral hepatitis in 7,

liver abscesses or granulomas in 3 and cirrhosis in 2. Thus, while serum
PPH levels are not specific for hepatoma, if the level is 1000 or greater
and the above diagnoses are excluded then it is virtually diagnostic for

hepatoma. Elimination of these other liver diseases is usually not a

difficult problem of differential diagnosis. Thus, as a diagnostic test

serum PPH level ranks with alpha-feto-protein, another serum factor found

most commonly in hepatoma, which was positive in 61% of our hepatoma patients.

Previously we showed that serum PPH levels in man and rabbit rise after

exposure to certain halogenated hydrocarbon anesthetics. We have now
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extended this work to over 75 patients undergoing anesthesia by assaying
PPH activity in sera drawn preoperatively and again 24 hours postoperatively.
Serum PPH levels had a mean increase of 275% in patients receiving methoxy-
flurane as the primary anesthetic agent, 97% after halothane and 22% after
fluroxene. There was only slight correlation between PPH levels and the
duration of anesthesia. There was no apparent correlation between PPH levels \
and the type of operation, use of secondary anesthetic agents, type of
induction or use of anti-muscarinic agents.

Significance : The elevated levels of PPH activity in keloids and hypertrophic
scars indicate that the rate of collagen synthesis is markedly increased in
these lesions. The increased levels of collagenase activity in these lesions
indicates that collagen degradation is also markedly increased. Presently
there is no way of chemically equating these 2 rates on a molecular basis
to determine which is more active. But clinical observation readily reveals
that collagen synthesis in keloids and hypertrophic scars outstrips collagen
degradation giving an overabundant scar. This makes obvious the fact that
collagen synthesis and collagen degradation must be finely balanced in a
normal healing wound. It also shows that therapy for these lesions can be
aimed at decreasing the increased rate of collagen synthesis or increasing
the already increased rate of collagen degradation. This should help us
develop rationale forms of therapy for these lesions.

The very high levels of PPH activity in serum of patients with hepatoma i

has made it a useful diagnostic test. While either PPH or AFP alone diagnoses
hepatoma correctly in 57 to 61% of cases, when both are performed they
diagnose it correctly in 83% of cases. This is a very good level of diagnostic
accuracy and both tests have been adopted by the Uganda Cancer Institute where
hepatoma is a common malignancy.

All evidence indicates that elevated PPH activity in serum is of hepatic
origin. Our previous data also indicates that serum PPH activity is a new
and sensitive indicator of liver cell injury. The finding that serum PPH
levels are increased most by penthrane, less by halothane and least by fluroxene
fits well with the known physical properties of these agents, and the relative
duration of retention of these agents in the body. Thus the liver's
exposure to these agents, assuming an equal period of anesthetic administration
to the patient, would be longest for penthrane, less for halothane and least
for fluroxene. This further suggests the usefulness of serum PPH levels as
an indicator of liver injury and provides a tool for evaluating the effects
of halogenated hydrocarbon anesthetics in man.

i
Proposed Course of Project : 1. Study of the effects of various therapeutic ^

interventions on the rates of collagen synthesis and collagen degradation
and the clinical appearance of keloids and hypertrophic scars. 2. Follow the
serum PPH activity and AFP level in hepatoma patients, both treated and
untreated, to determine their potential usefulness in following and evaluating
therapy in this rapidly fatal disease. 3. Further studies of the effects of
anesthetic agents on serum PPH and other enzymes in man. We will concentrate
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on fluorinated hydrocarbons since they have shown sporadic severe liver
toxicity in man. 4. Studies of PPH activity in blood vessels from animals

made hypertensive by a number of techniques. This will be done in an attempt
to determine the role of the blood vessel in the development of hypertension.

Honors and Awards : None

Publications

:

1. Stein, H.D., Keiser, H.R. , and Sjoerdsma, A,: The effects of

anesthetic agents on serum proline hydroxylase. Anesthesiology
36: 253-257, 1972.

2. Cohen, I.K., Keiser, H.R., and Sjoerdsma, A.: Collagen synthesis

in human keloid and hypertrophic scar. Surgical Forum 22: 488-489,

1971.
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Serial No. NHLI-192(c)
1. Experimental Therapeutics Branch
2. Section on Experimental Medicine
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972 i

Project Title: Clinical Investigation of Cardiovascular Drugs

Previous Serial Number: NHLI-84(c)

Principal Investigator: David Horwitz, M.D.

Other Investigators: Harry R. Keiser, M.D., B. Van Clineschmidt , Ph.D.,
Paul J. Schechter, M.D., Ph.D., Harry S. Margolius,
M.D., Ph.D., Walter Lovenberg, Ph.D., R. Wayne
Alexander, M.D., Ph.D., and Griff T. Ross, M.D.

Cooperating Units: Endocrinology Service Unit, Reproduction Branch,
National Institute of Child Health and Human
Development

.

Project Description:

Objectives ; A. Studies of Dopamlne-g-Hydroxylase in Man . Dopamine-3-hydroxyl-
'

ase catalyzes the conversion of dopamine to the S3mipathetic neuromediator nor-
epinephrine. It is found in storage vesicles of sympathetic nerves, is re-
leased after sympathetic nerve stimulation in animal preparations and is
increased in the serum of rats after the stress of forced immobilization. In
addition, patients with familial dysautonomia have been reported to show
reduced plasma levels of the enzyme. These observations led us to examine the
possibilities that serum levels of dopamine-B-hydroxylase in man might serve
as an index of sympathetic activity and that the enzyme levels might yield
information on the status of the sympathetic nervous system in essential
hypertension.

Major Findings : Serum dopamine-g-hydroxylase levels were determined in 168
untreated subjects of ages 19 to 63; care was taken to obtain approximately
equal representation of males and females, Negroes and Whites, and normo-
tensives and hypertensives. Assays were performed using a modification of
the methods of Bonnay et al. and Weinshilbaum and Axelrod. There was a wide
range of activity of dopamine-B-hydroxylase in different normotensive subjects

g
(6-581 units/ml) but individual subjects tended to show relatively constant \
levels on repeated testing. There were no significant differences in levels
which related to age, sex or blood pressure. Mean levels of the enzyme were
significantly lower in Negroes than in whites, however.

Low serum levels of dopamine-3-hydroxylase did not appear to be associated
with abnormal cardiovascular function or decreased levels of in_ vivo 3-

hydroxylation. Detailed cardiovascular studies performed in two subjects i
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with exceptionally low serum levels of the enzyme (< 10 units/ml) revealed
normal valsalva overshoots and normal responses of blood pressure, heart
rate, forearm blood flow and vascular resistance to postural change. Studies
of the conversion of administered doses of the synthetic substrate, paredrine,
to its 6-hydroxylated product were performed in two subjects with low serum
levels of the enzyme and in two subjects with high levels; equivalent conver-
sion occurred in all subjects (5-9%).

The influences of three types of alteration of sympathetic function on
serum levels of dopamine-3-hydroxylase were studied. Twenty-five patients
with essential hypertension were studied during periods of no treatment and
again while receiving antihypertensive therapy. When subjects showed average
blood pressure decreases of 29/24 mm Hg (systolic/diastolic) with treatment,
dopamine-6-hydroxylase levels decreased an average of only 1 unit/ml from
average initial levels of 161 units/ml. In another study blood samples were
drawn while normal volunteers performed progressive bicycle exercise at a

level yielding peak heart rates of 150 beats per minute; comparison was made
with prior blood samples drawn with the same subjects resting quietly in bed;
nine studies performed in eight subjects revealed a slight rise in mean
dopamine-3-hydroxylase levels from 217 to 233 units/ml, but this was not
statistically significant (p > .1). Tyramine is an indirectly-acting pressor
amine which is believed to act by causing the release of the mediator nor-
epinephrine from sympathetic nerves. Its effects were studied in three sub-
jects who underwent 30 minute intravenous infusions at rates producing
systolic blood pressure increases of 30 mm Hg; by the end of the infusion
mean levels of dopamine-6-hydroxylase had decreased from initial control
values of 125 units/ml to 116 units/ml without approaching statistical
significance.

Four subjects with pheochromocytomas had levels of activity of dopamine-
6-hydroxylase ranging from 450-950 units/ml. One subject followed after
surgery showed a fall to 50 units/ml from preoperative levels of 500 units/ml.

Significance ; It is concluded that serum levels of dopamine-3-hydroxylase are
not a sensitive index of sympathetic nervous system activity in man and do not
differ significantly in patients with essential hypertension. Patients with
pheochromocytomas, however, may show increased serum levels of enzyme
demonstrating that these tumors can release dopamine-3-hydroxylase.

B. Reactivity of Human Temporal Arteries

Objectives : Increased vascular reactivity has been widely reported in hyper-
tensive humans but the extent to which this is due to different states of
initial tone and different wall-lumen ratios is uncertain. In an attempt to

resolve this we have performed in vitro studies in which responses of helical
strips of biopsied human temporal arteries to graded doses of norepinephrine
and phenylephrine were measured. Through the use of the competitive
antagonist, phentolamine, dissociation characteristics of the alpha receptors
of the two groups were also compared.
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Major Findings ; Complete studies have been performed on vessels from five

normotensives and seven subjects with essential hypertension. No significant

differences have been seen in the dose-response curves of vessels from

hypertensives and normotensives to the two agonists. Average concentrations

in mg/ml yielding quarter-, half-, and three-quarter-maximum responses to

norepinephrine were as follows

:

25% max. 50% max. 75% max.

Hypertensive 1.26 x 10"^ 3,83 x 10"^ 14.9 x 10-5

Normotensive 1.04 x 10"^ 4,26 x 10-5 14.2 x 10-5

The negative log of the molar concentration of phentolamine which reduced

the effect of a double dose of phenylephrine to that of a single dose (pA2)

was 8.1 for the hypertensives and 7.9 for the normotensives; this was not

statistically significant.

Significance ; These preliminary results suggest that the characteristics

of alpha receptors and the sensitivity of arterial smooth muscle to nor-

epinephrine is similar in normotensives and patients with essential hyper-

tension.

Proposed Course of Project ; Additional subjects will be studied,

C. Studies in Vascular Headache

Objectives ; Observations of changes in plasma levels of serotonin and urinary

excretion of 5-HIAA in relation to migraine headaches and reports of the

clinical usefulness of the serotonin antagonists cyproheptadine and methy-

sergide suggested a role of serotonin in migraine. As a consequence we

initiated a 6-month double-blind cross-over study comparing the effects of a

placebo with those of parachlorophenylalanine (PCPA) , an inhibitor of

serotonin synthesis.

Major Findings ; The study was terminated when five of six subjects with

migraine who received PCPA developed eosinophilia. The duration of therapy

which preceded the onset of eosinophilia varied from 20 to 71 days. Two

subjects were mildly symptomatic, one with arthralgias and the other with

urticaria. In all cases symptoms and eosinophilia disappeared promptly

after cessation of therapy. The aforesaid phenomena precluded an adequate

trial of the usefulness of inhibition of serotonin synthesis for the treat-

ment of migraine. It is of interest that the incidence of eosinophilia in

these subjects was considerably higher than that seen in patients with

carcinoid disease who have received PCPA,

Proposed Course of Project ; The study will not be pursued further.
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D. Studies of the Clinical Effects and Metabolism of L-5-Hydroxy-
tryptophan (L-5HTP)

Objectives : L-5-hydroxytryptophan is the amino acid precursor of the neuro-
mediator, serotonin. Intravenous administration of L-5HTP causes increased

bowel motility of a type similar to that seen with carcinoid disease. Recent

observations have suggested that L-5HTP may have useful effects in mongolism
and schizophrenia and that its central nervous system effects are potentiated

by the peripheral decarboxylase inhibitor, MK 486 (L-a-methyl-a-hydrazino-
3,4-dihydroxyphenyl-propionic acid). Blood pressure reduction has been seen

in some patients receiving combined therapy with L-5HTP and MK 486. Observa-

tions of schizophrenic subjects have demonstrated that large doses of L-5HTP

can be safely administered on a chronic basis. Our studies were initiated to

further evaluate cardiovascular effects and to evaluate the metabolic fate

of L-5HTP when given alone and together with MK 486.

Major Findings : Preliminary studies have been carried out in three subjects

with essential hypertension. Urinary excretion of total 5-hydroxyindoles

,

5-hydroxyindoleacetic acid (5-HIAA) and serotonin have been determined after

doses of 100 to 400 mg/day of L-5HTP given alone and together with doses of

300-500 mg/day of MK 486.

Data have been evaluated in terms of metabolites, i.e., serotonin, 5-HIAA,

compared to total urinary hydroxyindoles. After the oral administration of

L-5HTP over half the dose can be accounted for by urinary excretion within

the first 24 hours. Of this proportion of the dose, 70-100% is present as

metabolites. The administration of MK 486 concurrent with L-5HTP decreases

the excretion of metabolites to 21-58%. Doses of MK 486 up to 300 mg/day,

however, did not completely inhibit decarboxylation of L-5HTP

.

No consistent effects on blood pressure were observed with either L-5HTP

or MK 486 alone, or when both drugs were given together.

Proposed Course of Project : These preliminary observations will be extended

to determine if inhibition of decarboxylation of L-5HTP by MK 486 is dose-

dependent and to determine the maximally effective dose of MK 486 for this

inhibition. In addition, attempts will be made to measure plasma levels of

L-5HTP in patients given L-5HTP orally with and without the decarboxylase

inhibitor.

E. Influence of Methyldopa and L-dopa on Plasma Levels of Pituitary

Hormones

Objectives : Our past observations have shown the presence of galactorrhea

and high plasma levels of prolactin in some women receiving methyldopa. This

effect has been attributed to interference with adrenergic or dopaminergic

pathways in the hypothalamus. In an attempt to evaluate this effect more

completely the comparative effects of single doses of L-dopa and methyldopa

on plasma levels of prolactin and human growth hormone have been studied in

the same subjects.
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Major Findings : Preliminary results from five subjects suggest that L-dopa
and methyldopa have reciprocal effects on prolactin with methyldopa elevating
and L-dopa depressing levels. In contrast, methyldopa had no effect on levels
of growth hormone, whereas L-dopa produced increased levels.

Significance : The results are interpreted as demonstrating the different
neural control of the two hormones and support a possible role of dopaminergic
fibers in control of prolactin.

Proposed Course of Project ; Additional studies utilizing 5-HTP are planned.

Honors and Awards : None

Publications: None

{
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Serial No. NHLI-193(c)
1. Experimental Therapeutics Branch
2 • Section on Experimental Medicine
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Effect of Opiates on Respiratory Center Response to CO2
Stimulation.

Previous Serial Number: None

Principal Investigator: Harry R. Keiser, M.D.

Other Investigators: Paul J. Schechter, M.D. , Ph.D. and Harold Newball, M.D.

Cooperating Units: Pulmonary Physiology Laboratory, NHLI.

Project Description:

Objectives ; Depression of the response of the respiratory center to CO2
stimulation has been shown to be an excellent method of evaluating the
pharmacological effects of opiate narcotics in humans. It has been claimed
that this response is reproducible in the same individual with no evidence of
accommodation with respected trials. Further, tolerance to the effect of

narcotics on respiratory response supposedly develops with repeated drug
administration. The purpose of this investigation was to establish this

technique in our laboratory, to better understand the variables involved in

its usage and to confirm the previous claims as to its applicability in

studying narcotic tolerance.

Methods : Eleven subjects, 9 patients with a therapeutic indication for an

opiate but without diseases involving the pulmonary system and 2 normal
volunteers, were studied. Each subject demonstrated normal routine pulmonary
function as evidenced by vital capacity, forced expiratory volume in 1 second
and in 3 seconds, and maximum ventilatory ventilation being within the normal
range by the subject's height, weight and surface area. The response of the
respiratory center to CO2 was determined using a rebreathing technique with
6% CO2 in a closed system for a 4 minute period. Minute ventilation and end
expiratory pC02 were monitored during this period by automatic devices. In

the case of the patients CO2 stimulation was carried out just prior to and
1 hour following the intramuscular injection of morphine sulfate. Data was
analyzed by plotting minute ventilation versus end expiratory pC02-

Major Findings : Determination of the effects of CO2 stimulation on the
respiratory center in the 2 normal subjects on more than one occasion
demonstrated good reproducibility with negligible variation in the same
individual.
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In 8 of the 9 patients who were judged clinically to be non-tolerant to

opiates on the basis of minimal prior use, the intramuscular administration
of 10 mg morphine sulfate caused a relative decrease in minute ventilation
with increasing end expiratory pC02, i.e. a shift of the regression line to

the right. In one patient who had a history of heroin abuse and who was

being maintained on methadone maintenance therapy (70 mg orally /day) , intra-

muscular doses of morphine sulfate as high as 20 mg failed to cause any signif-
icant change in ventilation.

Significance ; The use of CO2 stimulation of the respiratory center to study
the effects of opiate narcotics in hvimans has been found to be a sensitive and
useful technique in our hands. Our findings confirm the reproducibility of

results in the same individual with multiple trials. Further, our data sug-
gests that this technique is applicable to the study of narcotic tolerance.

Proposed Course of Project : The degree of depression of respiratory center
response to CO2 will be used as an index to study narcotic tolerance in

patients with a history of heroin addiction. It will then be determined
whether pharmacological agents which modify CNS amines, i.e. catecholamines
and indoleamines, can influence the degree of this tolerance.

Honors and Awards : None

Publications : None
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Serial No. NHLI-194(c)
1. Experimental Therapeutics Branch
2. Section on Experimental Medicine
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Urinary Excretion of Kallikrein in Man.

Previous Serial Number: NHLI 79(c)

Principal Investigator: Harry S. Margolius, M.D. , Ph.D.

Other Investigators: David Horwitz, M.D. , Ronald G. Geller, Ph. D.

,

John J. Pisano, Ph. D. , Harry R. Reiser, M.D. and

John Luetscher, M.D.

Cooperating Units: Normal Volunteer Office, Clinical Center, NIH
Department of Medicine, Stanford University, California

Project Description:

Objectives : To examine urinary kallikrein excretion in normal volunteers and

hypertensive patients subjected to manipulations of sodium intake. These

studies parallel similar efforts in normal and hypertensive animal models.

Methods : Patients . Twenty-four hour urine collections were obtained from
10 normal volunteers, 8 patients with essential hypertension and 2 with
primary aldosteronism during periods of ad lib , 9 meq and 259 meq Na intake.

Kallikrein excretion was measured using a modification (Pisano et al) of the

method of Beaven, Pierce and Pisano. In addition, selected samples were
assayed using a standard bioassay technique on guinea pig ileum.

Urine samples from an additional ten patients with proven primary
aldosteronism were obtained from Dr. John Luetscher, Dept. of Medicine,
Stanford University.

Maj or Findings : In normal volunteers, urinary kallikrein excretion rose from
12.1 ± 1.1 (mean ± S.E.M.) esterase units (EU)/24 hr on ad lib Na+ intake to

34.8 ± 4.2 EU/24 hr on a 9 meq Na"^ diet. Kallikrein fell to 9.7 ± 0.8 EU/24 hr

on a 259 meq Na intake. In patients with essential hypertension, kallikrein
excretion was 3.4 ± 4 EU/24 hr on ad lib Na"^ intake and rose to 7.9 EU/24 hr

on a 9 meq Na diet. Kallikrein excretion in these patients fell to 4.2 ± 2.4

EU/24 hr on a 259 meq Na intake. The single patient with proven primary
aldosteronism where study is completed, excreted 19.7 EU/24 hr on ad lib Na
intake, 26.1 EU/24 hr on a 9 meq Na diet and 27.2 EU/24 hr on a 259 meq Na+
diet. Although all data is not yet collected, kallikrein excretion appears to

be directly correlated with levels of aldosterone excretion. In addition,
available data indicates that low kallikrein excretion in essential hypertension
may be correlated with low renin activity.
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Kalllkreln excretion in 14 patients with primary aldosteronism averaged
21.5 EU/24 hr (range 8.2 - 44.8). Values in all but 1 subject with primary
aldosteronism were above the range of values observed in patients with
essential hypertension (vide supra) . It appears that measurement of urinary
kallikrein excretion has diagnostic significance in primary aldosteronism.

Significance : Further evidence is provided that kallikrein excretion is

altered in hypertensive states. In addition, it has been shown that the

kallikrein-kinin system is altered by levels of sodium intake and aldosterone
activity. Kallikrein excretion differs from normal in patients with es-
sential hypertension and primary aldosteronism. The alterations in urinary
kallikrein excretion on low Na"*" intake represent the first time changes in

this enzyme have been produced artifically in man. These observations lend
further support to the hypothesis that this system is actively involved with
the renin-angiotensin aldosterone system and in hypertensive disease.

Proposed Course of Project : To clarify the mechanism of kallikrein excretion
in normal man. To examine the role of urinary kallikrein in essential hyper-
tension. To evaluate the usefulness of urinary kallikrein measurements in a

diagnostic test for aldosteronism. To study the effects of drugs which
affect the kallikrein-kinin system in normal and hypertensive man.

Honors and Awards : None

Publications

:

1. Margolius, H.S., Geller, R. , Pisano, J.J., and Sjoerdsma, A.: Altered
urinary kallikrein excretion in human hypertension. Lancet 11:1063-1065,
1971.

2. Margolius, H.S., Geller, R., deJong, W. , Pisano, J.J., and Sjoerdsma, A.:

Altered urinary kallikrein excretion in rats with hypertension.
Circulation Res . 30:358-362, 1972.

3. Margolius, H.S., Geller, R. , deJong, W., Pisano, J.J. and Sjoerdsma, A.:

Urinary kallikrein excretion in hypertension. Circulation Res. Suppl . II,

1972 (in press)

.
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Serial No. NHLI-195
1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Shock-induced Aggression in Hypertensive Rats.

Previous Serial Number: NHLI-95

Principal Investigator: Wybren de Jong, M.D. , Ph.D. (Guest Worker)

Other Investigators: B. Eichelman, M.D,, Ph.D. and R.B. Williams, M.D.

Cooperating Units: Laboratory of Clinical Psychobiology , National
Institute of Mental Health.

Project Description:

Objectives : The role of behavior in the development of hypertension and
conversely the effect of elevated blood pressure on behavior is not well
understood. Therefore, the effect of genetic and experimental hypertension
on aggressive behavior in rats was examined.

Methods : Fighting behavior was induced in paired female rats by the ap-
plication of 50 two mA shocks to their feet. Fighting rates and blood
pressures were recorded by standard techniques.

Major Findings : Normotensive rats or rats made hypertensive experimentally
(renal clip) generally showed no differences in fighting rates and exhibited
a distinct fall in blood pressure following the fighting experience. The
genetic hypertensive rats showed lower rates of fighting, but in general
showed no change or a slight elevation of blood pressure following this
stressful experience. The response of animals to shock-induced fighting
appeared to be related more to the strain of animals tested than to their
degree of hypertension.

Significance ; The finding that animals with the genetic factors for the
development of hypertension tend to show an elevated blood pressure following
shock-induced fighting indicates that these animals respond to stress in an

abnormal manner. It is possible that this is one of the genetic factors in
the predisposition to hypertension.

Proposed Course of Project : Project completed.

Honors and Awards : None

Publications: None
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Serial No. NHLI-196
1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: A Study of Factors, Particularly Serotonin, Affecting
Gastric Secretion in Continuously Perfused Rat Stomach

Previous Serial Number: NHLI-90

Principal Investigator: Gerrit H. Besselaar, M.D. (Guest Worker)

Other Investigators: Ronald G. Geller, Ph.D. and Walter Lovenberg, Ph.D.

Cooperating Units: None

Project Description:

Objectives : Utilizing an automated procedure for measuring gastric acid
secretion developed in this laboratory (previous report) , the effect of
modification of serotonin levels on the response to gastric stimulants was
examined. Furthermore, studies were designed to attempt to show that the
intestinal tissue had the capability of synthesizing serotonin.

Methods: Gastric secretion was measured by the previously described perfu-
sion system using a Radiometer autoburette and recorder. ^E vit^^o tryptophan
hydroxylase activity was determined using a tritium release assay that
utilizes 5- H-tryptophan as the substrate.

Major Findings : Administration of serotonin (3 yg/min) resulted in a marked
(70%) reduction in histamine stimulated gastric acid secretion, but was
relatively ineffective on gastrin stimulated secretion. This serotonin-
histamine antagonism was also demonstrated using animals treated with the
powerful serotonin depleting agent p-chlorophenylalanine. While the results
were not completely uniform there was a distinct tendency for a hyper-response
to histamine following serotonin depletion by p-chlorophenylalanine. This

phenomena was confirmed more dramatically using the technique of Shay.

In previous studies in this laboratory it had been shown that by in vivo
synthesis techniques that rat intestinal mucosa could synthesize serotonin
although direct demonstration of the enzyme tryptophan hydroxylase was not
possible. Using guinea pig intestinal mucosa we now find measurable tryptophan
hydroxylase activity. This activity appeared to be largely cytoplasmic and

showed the typical requirements for a reduced pteridine, oxygen and ferrous
ion. The enzyme was less sensitive to inhibition by p-chlorophenylalanine
than the enzyme from other tissues.

Significance : The findings suggest that serotonin produced in the gastro-
intestinal tract may exert some regulatory role on gastric secretion.
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Furthermore, although it has long been known that intestinal tissue is a

rich source of serotonin, this study represents the first demonstration of

tryptophan hydroxylase activity in this tissue. This latter observation is

important since this enzjrme is the rate limiting step in serotonin bio-

synthesis.

Proposed Course of Project : Project terminated.

Honors and Awards: None

Publications: None
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Serial No. NHLI-197(c)
1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

|
July 1, 1971 through June 30, 1972 '

Project Title: The Effects of Varying Salt Intake on Norepinephrine
and Dopamine Excretion in Man

Previous Serial Number: None

Principal Investigator: R. Wayne Alexander, M.D. , Ph.D.

Other Investigators: Hirohiko Yamabe, M.D., Walter M. Lovenberg, Ph.D.,
and Harry R. Keiser, M.D.

Cooperating Units: Section on Experimental Medicine, ETB, NHLI

Project Description:

Objectives ; To ascertain whether manipulating salt balance in man affects
the urinary excretion of dopamine and norepinephrine and their metabolites. .

Methods : Twenty-four hour urinary dopamine and norepinephrine excretions
were determined in normal and hypertensive subjects under the following con-

ditions: a) ad lib salt intake, b) 9 meq Na"*" diet, and c) 259 meq Na+ diet.

Major Findings: During the salt depletion phase of the study a decrease
in urinary dopamine of up to 50% was noted. During the same phase of the

study an increase of up to 75% in urinary norepinephrine in comparison with
baseline values was observed. Conversely salt repletion resulted in a

dopamine excretion which was increased relative to the salt depletion state
in all cases and relative to control values in several cases. Concomitant
with the increased dopamine excretion during salt repletion there was a

significant decrease in norepinephrine excretion. In some cases this de-

crease was to below baseline values. There was no significant difference
between the normotensive and hypertensive patient groups.

Significance : The inverse relationship between dopamine and norepinephrine
excretion when sympathetic activity was manipulated by varying the salt

balance was unexpected. Other investigators have previously demonstrated f
relatively large amounts of dopamine and its primary metabolite homovanillic

acid in the urine. The physiologic role and, in fact, the source of urinary
dopamine are unknown.

Still other investigators have demonstrated that dopamine has pharmaco-

logic effects in the kidney which are unique relative to other vascular beds.

Thus, dopamine dilates the renal vasculature and consequently is strongly i

naturetic. The present study suggests a possible role for dopamine in normal
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sodium homeostasis.

Proposed Course of Project : The studies on urinary dopamine and nor-

epinephrine excretion will be extended to study the acute effects of volume

contraction and expansion in dogs.

Honors and Awards : None

Publications: None
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Serial No. NHLI-198
1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. BAC^stla,^ Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Isolation and Characterization of Hydroxyindole-0-Methyl-
Transferase.

Previous Serial Nximber: NHLI-89

Principal Investigator: Walter Lovenberg, Ph. D.

Other Investigators: Joseph A. Fontana, Ph. D.

Position Description:

Objectives : The objective of this project was to study the physical and
chemical properties of a pure preparation of hydroxyindole-0-methyltransferase
(HIOMT)

.

Methods : Enzjnne activity was assayed using C-'-^-S-adenosylmethionine as the
methyl donor and N-acetylserotonin as the acceptor. The product, melatonin,
was extracted into organic solvent and counted.

Major Findings : Bovine pineal HIOMT was isolated as a homogenous preparation.
It was previously shown that the activity of the enzyme in the pineal gland
was under diurnal control via the superior cervical ganglia. Therefore, the
effect of various neuroactive agents on the activity of the purified HIOMT
was examined. Neither serotonin, acetylcholine, or norepinephrine had any
significant effect on HIOMT activity.

In examining other physical and chemical parameters of the purified
enzjnne, it was found that 4 M urea and 0.1% SDS completely inhibited HIOMT
activity. The enzyme required no metal cofactor for activity. Evidence was
obtained that sulfhydryl group(s) are essential for enzymic activity. One
millimolar cupric chloride completely inhibited enzymic activity. Dithiothrei-
tol stimulated enzymic activity approximately 30% while g-mercaptoethanol
stimulated activity approximately 15%. Treatment of 1.25 x 10~ M HIOMT with
2.5 X 10"-^ M iodoacetamide at pH 8.8 resulted in an 80% inhibition of the
enzyme, indicating a sulfhydryl group at or near the active site.

Significance: The finding that sulfhydryl groups lie near or at the active
site of the enzyme allows for a further investigation into the mechanism by
which HIOMT methylates its substrate. One can hypothesize that the methyl
group from S-adenosylmethionine may be transferred to a specific sulfhydryl
group on the enzyme. This methylated form of the enzyme then transfers the
methyl group to the 5-hydroxyl group of N-acetylserotonin.
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Proposed Course of Project : Experiments are planned to demonstrate a

methylated form of hydroxyindole-0-methyltransferase. In addition, experi-

ments en the in vitro biosynthesis of HIOMT will be carried out.

Honors and Awards : None

Publications:

1. Lovenberg, W. , Jackson, R.L., and Fontana, J.A. : Hydroxyindole-0-methyl-
transferase of the bovine pineal gland. In Klein, D. (Ed.): The Pineal :

Proceedings of a Workshop . New York, Raven Press, 1972, in press.

2. Jackson, R.L. and Lovenberg, W. : Isolation and characterization of multi-

ple forms of hydroxyindole-0-methyltransferase. J. Biol. Chem. 246:

4280-4285, 1971.
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Serial No. NHLI-199
1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972 |

Project Title: Hi Vitro Studies of Tryptophan Hydroxylase Regulation.

Previous Serial Number: None

Principal Investigator: Richard E. Bensinger, M.D.

Other Investigators: David Klein, Ph. D. and Walter Lovenberg, Ph. D.

Cooperating Units: Laboratory of Biomedical Sciences, National Institute of

Child Health and Human Development.

Project Description:

Objectives : The full significance of the pineal body, an organ persistent
throughout mammalian and avian populations, has not been fully defined
although failure to find a specimen without this organ suggests its potential
importance. Its hormone, melatonin, has been shown to modify a number of i

internal systems, particularly gonadal functions, and a number of other ^

undefined molecular products which have apparent physiological effects ap-

pear to be produced by this organ. Using in vitro culture methods, individual
pineal organs from rats have been studied and a number of interesting regula-
tory properties defined with respect to catecholamines and cyclic 3 '-5 '-AMP.

In general, modification of the synthesis of hydroxyindole products by catechol-
amines and cyclic AMP has occurred only in the portion of the pathway unique to

this organ, that leading from serotonin to melatonin. Indirect evidence in
the literature suggests that similar regulation also occurs in the first half
of the melatonin pathway, the conversion of tryptophan to serotonin, particu-
larly at the step catalyzed by tryptophan hydroxylase. The objective of this
work was to define this regulation.

Methods : Since most of the hydroxyindole metabolites of tryptophan are
excreted by pineals in tissue culture, we have found that a convenient pro-
cedure to measure how much tryptophan is entering this pathway is to use
5- H- tryptophan. The H on this compound is acid stable, while the tritium
following 5-hydroxylation is acid labile. Thus, during any culture manipula- i

tion the amount of acid labile tritium appearing in the medium can be used as

an index of tryptophan hydroxylation rates in the whole gland.

Major Findings : The use of the in vitro culture method has been coupled to

the tritium release assay for the tryptophan hydroxylase enzyme. This allows
for undisturbed synthetic assay by the isolated gland and monitoring of the

output as modified by a variety of physiologically active agents. The output .

has shown a steady baseline production for up to 48 hours which is appropriately!
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decreased by para-chlorophenylalanine (a known specific inhibitor of the

enzyme) as well as a drop secondary to cycloheximide which inhibits protein
synthesis. Despite reports in the literature, we have been unable to docu-

ment changes in total hydroxyindole production with the cyclic adenine nucleo-
tides or with catecholamines. A number of psychoactive drugs (mescaline and

harmj.De) appear to have some activity in lowering synthesis probably as

competitive inhibitors. We are currently investigating the effects of various
constituents of the culture medium since the use of two different media give

conflicting results on the glands capacity to respond to agents in the solution.

Significance : The true importance of the pineal gland is realized only by
inference. Understanding of the pathways involved in indoleamine synthesis

may more fully define its significance. Meanwhile, since the pathway from
tryptophan to serotonin is common in many systems throughout the body, more
complete definition in one system may aid in the understanding of others.

It is hoped that the current work will lay to rest many apparent conflicting
literature reports of metabolism in this gland.

Proposed Course of Project : Possible modifications of the metabolism of

indoles in the gland will be studied under the influence of medium changes

and standard physiological agents. The system as developed is applicable
to a number of enzjrmes and organ culture systems. We are currently adapting
it to a mouse mastocytoma tumor which has extremely high levels of tryptophan
hydroxylase. It may now be possible to definw the physiologic factors that

regulate the production of serotonin.

Honors and Awards: None

Publications: None
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Serial No. NHLI-200
1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Tryptophan Hydroxylase and Phenylalanine Hydroxylase:
Comparative Properties, Purification and Interactions,

Previous Serial Number: NHLI-97

Principal Investigator: Richard E. Bensinger, M.D.

Other Investigators: Walter Lovenberg, Ph.D., Hirohiko Yamabe, M.D., and
Gordon Guroff, Ph. D.

Cooperating Units: Laboratory of Biomedical Sciences, National Institute of

Child Health and Human Development

Project Description:

Objective : Indoleamine and catecholamine biosynthesis are initiated by
tryptophan and phenylalanine hydroxylases respectively. There appear to be
several enzymes in mammalian tissues that can catalyze either one or both of

these reactions. The basic objectives of this project are to: 1) isolate
several of these hydroxylases, e.g. liver phenylalanine and pineal and brain
tryptophan hydroxylases; 2) compare the molecular and kinetic properties of
these enzymes; 3) determine if molecular interaction exists between these
molecules, i.e. is there a common subunit?

Methods : Tryptophan hydroxylase was determined using 5--^H-tryptophan as the

substrate and measuring the acid labile tritium following the reaction.
Phenylalanine hydroxylase was measured by a similar procedure or by standard
fluorometric determination of tyrosine.

Major Findings : Initially a 30-fold purification of pineal tryptophan
hydroxylase was achieved by modification of conventional methods. The
partially purified enzyme was quite unstable, often losing greater than 80%
of its activity in the first 8 hours following isolation, with a further loss
of the remainder typically by the end of the first week. This made quanti-
tation of the yield difficult in that comparisons between each fraction as
isolated were impossible due to the losses with time. Co-assay of all
fractions at one time did not account for nonparallel losses or tryptophan or
phenylalanine activity between fractions. Suggesting perhaps that different
molecular species may catalyze each of these activities. Furthermore, it is

not known whether the initial activity lost was the important activity
physiologically whereas the residual, slowly inactivated activity, might
represent some artifactual remainder of the process of isolation or perhaps
a low activity subunit with properties different from the normal intact
enzyme.
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Accordingly, a method was sought which would result in rapid isolation
of the enzyme. The most promising of these appeared to be the use of affinity
chromatography. This technique involves the use of an inhibitor, substrate,

or cofactor of the enzyme bound to be an insoluble chromatography bed directly
or by organic chemical arms of variable length, the active group being de-

signed to bind the enzyme desired while all other proteins wash trhough the

column. Difficulties involve the selection of a proper terminal group, arm
length and difficulties with eluting the enzyme once bound. Classes of

appropriate terminal groups for the hydroxylases are substrate and cofactor

analogues, and catecholamines as well as normal substrates and cofactors. The

following compounds have been coupled to sepharose by standard means: phenyl-

alanine, tryptophan, para-chlorophenylalanine, adenine, tetrahydrobiopterin,

para-aminobenzoic acid, aminoindole and methotrexate. Yields were frequently
poor as the bulk of these compounds are very poorly soluble and it is likely
that the dicyclohexylcarbodiimide method of coupling may result in side

reactions. In any case, none of these columns appeared to bind appreciable
amounts of tryptophan or phenylalanine hydroxylase from tissue extracts.
The potential efficacy of the method was demonstrated when columns were
constructed with a terminal group specific for dopamine-3-hydroxylase which
effectively bound this enzyme from plasma.

Along another line of research the cofactor specificity of several
aromatic amino acid hydroxylases was examined. A series of neopterin
isomers were reduced to the tetrahydro form and were compared to tetrahydro-
biopterin and 6, 7-dimethyl-tetrahydropterin. These cofactors were tested with
each of the following enzymes : Comamonas and rat liver phenylalanine hydroxyl-
ase, bovine adrenal tyrosine hydroxylase. Tetrahydrobiopterin was the most
active cofactor for each of the mammalian enzymes whereas, the dimethyl-
tetrahydropterin was the most active in the bacterial enzyme. Beyond this
generality there was no consistent pattern of activity with the various
stereoisomers falling in a different order for each enzyme activity. It is of

interest, however, that even, stereoisomers in the sugar side chain had a

direct bearing on the relative specificity of the cofactor.

Significance : The apparent instability of the enzyme as well as a manifest
specificity with respect to cofactors or substrates leads one to suspect that

we have heretofore been dealing with an incomplete system. Use of the full
system can only tell us exactly what the true relationship is between trypto-
phan and phenylalanine hydroxylase. A better understanding of the molecular
properties of the proteins should clear up some of the confusion. Furthermore,
the exact nature of the defect in phenylketonuria has never been fully revealed,
especially with the variant, non-phenylketonuric hyperphenylalaninemia.
Certainly a fuller understanding of the molecular nature of the hydroxylases
will aid in understanding this disease.

Proposed Course of Project ; Using the above procedures attempts will be
initiated to isolate the complete enzjnne system. Interactions between the
tryptophan and phenylalanine hydroxylase activity may then be made. Modifi-
cations of the system by current pharmacological agents may then be more
clearly defined and understood.
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Honors and Awards: None

Publications:

1. Bensinger, R. and Lovenberg, W. : Pineal tryptophan hydroxylase:
Augmentation of activity by a liver protein fraction. In Klein, D.

(Ed.): The Pineal: Proceedings of a Workshop . New York, Raven Press,

1972, in press.

2. Lovenberg, W. , Besselaar, G.H., Bensinger, R.E., and Jackson, R.L.

:

Physiologic and drug induced regulation of serotonin synthesis. In

Barchas, J. and Usdin, E. (Ed.): Serotonin and Behavior . New York,

Academic Press, 1972, in press.
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Serial No. NHLI-201
1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Characterization of Dopamine-6-Hydroxylase

Previous Serial Number: None

Principal Investigator: R. Wayne Alexander, M.D., Ph.D.

Other Investigators: Walter M. Lovenberg, Ph.D.

Cooperating Units: None

Project Description:

Objectives : Dopamine-B-hydroxylase has recently been found in rather large
concentrations in human plasma. It is thought that this enzyme enters the

plasma following release from sjnnpathetic nerve terminals. The primary
objectives are: 1) to characterize human serum dopamine-3-hydroxylase in

terms of molecular weight, subunit structure, electrophoretic properties and
in terms of possible conformational changes in solution due to changes in

ionic strength; 2) to study the effects of pH, ascorbic acid, fumarate and
ionic strength on the activity and conformation in solution of the purified
bovine adrenal dopamine-6-hydroxylase.

Methods : Dopamine-6-hydroxylase was assayed by a coupled reaction with
phenethanolamine N-methyltransferase and Cl^-S-adenosylmethionine.

Major Findings : Dopamine-3-hydroxylase was isolated from bovine adrenal

medullae by a previously published procedure. The final preparation appeared
to be nearly pure by disc gel electrophoresis, and catalyzed 3-hydroxylation
at the rate of 3 to 4 vimoles/min/mg protein. This is about twice the

specific activity previously reported. An attempt to purify the enzyme from
human plasma by similar techniques (ammonium sulfate, ethanol and DEAE cellu-

lose fractionation) yielded a preparation that was about 1000-fold purified
but still had only about 2 to 5% the specific activity of the pure adrenal

enzyme

.

Preliminary observations on both the partially purified human serum

enzyme and on the purified bovine adrenal enzyme indicate a significant

diminution of activity by small changes in ionic strength (Na"*" or K^) at pH

values of 0.5 pH units greater or less than the pH optimum of 6.0. Similarly,

the activity of the enzyme at its pH optimum is in part dependent on the

buffer systems used.

Significance : The dependence of enzymic activity on ionic strength suggests
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that conformational changes in the enzyme are occurring with changing ionic
strength. The fact that at certain pH values the enzyme is very sensitive
to changes in ionic strength as small as 25 mM suggests the potential for
the partial dependence of norepinephrine synthesis upon salt balance in vivo .

If it can be demonstrated by utilizing circular dichroism that fumarate
and ascorbic acid induce significant conformational changes in dopamine-3-
hydroxylase in solution, the understanding of the role of these cofactors
will have been enhanced.

Proposed Course of Project : The determination of the effects of ionic
strength, pH and the presence or absence of the cofactors fumarate and

ascorbic acid on the conformation of the enzyme in solution will be attempted
utilizing circular dichroism.

Characterization of the human plasma enzyme will be attempted after
purification to homogeneity has been achieved.

Honors and Awards : None

Publications: None
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Serial No. NHLI-202
1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Renin-angiotensin System of the Spontaneously Hypertensive
Rat

Previous Serial Number: NHLI-96

Principal Investigator: Wybren de Jong, M.D. , Ph.D. (Guest Worker)

Other Investigators: Walter M. Lovenberg, Ph.D. and Albert Sjoerdsma, M.D.

,

Ph.D.

Cooperating Units: None

Project Description:

Objectives : The genetically pure strain of hypertensive rats (SHR) appear

to be a good animal model of essential hypertension. This project was

initiated in an attempt to characterize the renin-angiotensin system in the

SHR and to determine whether this system may contribute to the development

of hypertension in these animals.

Methods : Plasma renin activity was determined by measuring the angiotensin
generated following an incubation of 2 ml of plasma under conditions which

completely inhibit angiotensinase. The angiotensin formed was quantified

in the standard rat blood pressure bioassay. Tissue renin activity was

measured in a similar system using nephrectomized rat plasma as the substrate.

Major Findings : The level of plasma renin activity in the male SHR is

about 3 times higher (10.3 vs 3.6 ng/2 ml/4 hr) than in the control NIH/

Wistar rats at 12 weeks of age and thereafter. At 8 weeks of age, however,

little or no difference between NIH/Wistars and SHR was apparent, although

at this age the SHR were already significantly hypertensive. While there

was a slight increase in renin substrate concentration in the SHR, these

changes did not significantly contribute to the apparent plasma renin activity.

Upon finding that nephrectomy had little effect on the level of plasma renin

activity in the SHR in contrast to the marked diminution observed in the NIH/

Wistar rats the tissue distribution of renin was examined. The submaxillary

gland of the SHR had relatively high levels of renin activity (550 ng angio-

tensin/10 mg/4 hr) as compared to NIH/Wistar rats (33 ng/10 mg/4 hr)

.

Removal of the submaxillary gland in SHR resulted in a marked decrease of

plasma renin activity suggesting that the submaxillary gland is the source

of this activity. In contrast to certain strains of mice, also known to have

high levels of renin in the submaxillary gland, the enzyme activity was only

slightly decreased by gonadectomy and did not appear to be under strict hormonal
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regulation. The occurrence of submaxillary renin is strain specific in mice
and it was therefore of interest to examine Kyoto/Wistar rats, the strain
from which the SHR were derived. These rats also had elevated plasma renin
activity (6.8 ng/2 ml/4 hr) and substantial activity in the submaxillary
gland (440 ng/10 mg/4 hr)

.

In a related study an attempt was made to identify the peptide generated
by the SHR plasma and submaxillary gland. Bioassay and chromatography of the

peptide on DEAE Sephadex, Sephadex G-10 and G-15 and in two paper chromato-
graphic systems are consistent with the rat peptide being Asp-1, Ilu-5
Angiotensin I.

Significance ; Although several other workers suggest that the renin-
angiotensin system is depressed in the genetic SHR, the current study indicates
a somewhat elevated level in these animals. The difference appears to lie in

the method of plasma collection since other workers in this field often
collect the plasma samples from animals under anesthesia which causes a

marked release of renin. In this study blood was obtained after rapid
decapitation and the much lower level of renin observed is thought to be
more representative of the circulating level. It appears that the rather
high amounts of submaxillary renin and the elevated plasma renin activity in

the SHR are not related directly to the development of hypertension but are
genetic characteristics of the Kyoto/Wistar strain of rat.

Proposed Course of Project : No further studies are planned.

Honors and Awards : None

Publications

:

1. de Jong, W. , Lovenberg, W. , and Sjoerdsma, A. : Increased plasma
renin activity in the spontaneously hypertensive rat. Proc. Soc.

Exp. Biol. & Med. 139: 1213-1216, 1972.

2. de Jong, W. , Lovenberg, W. , and Sjoerdsma, A.: Renin-like
activity in submaxillary gland in several strains of rats
including the spontaneously hypertensive rat. Biochem. Pharmacol.

,

in press.
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Serial No. NHLI-203
1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on a Pineal Gland Protein Kinase

Previous Serial Number: NHLI-100

Principal Investigator: Joseph A. Fontana, Ph.D.

Other Investigators: Walter M. Lovenberg, Ph.D.

Cooperating Units: None

Project Description:

Objectives: Stimulation of 3' ,5 ""-cyclic adenosine monophosphate (cAMP) pro-

duction in pineal organ culture by norepinephrine results in a four to six-

fold increase in melatonin production apparently via a 20 to 40-fold increase

in the enzyme serotonin N-acetyltransferase. Pretreatment of the gland in

organ culture with either cycloheximide or actinomycin D prevents both the

stimulation of melatonin production and increases in the level of the enzyme

serotonin N-acetyltransferase normally caused by dibutyryl-cAMP or nor-

epinephrine. The means by which cAMP affects the transcriptional process in

the pineal remains unknown. Recently a highly active cAMP-dependent protein
kinase has been found in the pineal. Arginine-rich and lysine-rich histone
serve as excellent substrates for the enzyme. It was speculated that cAMP

influences the levels of the various pineal enzymes through its effect on the

pineal protein kinase. The objective of the present investigation was to

determine if stimulation of the protein kinase by cAMP would result in in-

creased phosphorylation of certain regions of chromatin, resulting in relaxa-

tion of the tight association between DNA and histone and thus increased

transcription of various portions of the DNA.

Methods : The ability of the cAMP-dependent protein kinase to phosphorylate

calf thymus chromatin and thereby alter the association between DNA and

histone was determined. For convenience and because it is widely held that

the his tones and their binding to chromatin do not differ much from one

tissue to the next, calf thymus chromatin was employed. The cAMP-dependent

protein kinase utilized in these studies was purified to approximately 95%

purity. Two measurements were utilized as parameters of histone-DNA associa-

tion in chromatin: a) the degree of actinomycin D binding of calf th3nnus

chromatin; b) the template capacity of calf thymus chromatin for E^ coli RNA

polymerase.

Major Findings : Calf thymus chromatin is a substrate for the cAMP-dependent

protein kinase. The addition of cAMP results in an approximately 7 to 8-fold
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stimulation in the phosphorylation of chromatin. The F-1 and F-3 histones
were the major histones phosphorylated. This was true both in the presence
and absence of cAMP. Phosphorylation of the calf thymus chromatin by the
protein kinase resulted in an approximately 30% increase in actinomycin D
binding to the calf thymus chromatin. This increase is indicative of a

relaxation in the association between DNA and histone in chromatin. The
addition of cAMP to the protein kinase chromatin incubation mixture does not
result in increased actinomycin D binding to the chromatin. Phosphorylation
of the calf thymus chromatin by the pineal protein kinase also resulted in
a 20 to 25% increase in template capacity for the E_^ coli RNA poljmierase,
again indicative of a relaxation between DNA and histone in chromatin. There
again appears to be no stimulation of the effect by cAMP.

Significance : The results suggest that the differential transcription of genes
in the pineal may indeed be mediated through phosphorylation of specific
histone subclasses by the cAMP-dependent protein kinase. An effect of cAMP
on the process has not been demonstrated. The explanation for the lack of

an effect by cAMP is not clear although many possible explanations can be
offered.

Proposed Course of Project : Experiments are in progress to delineate cAMP's
role in mediating the transcriptional process. Experiments are also
anticipated in which the effect of phosphorylation of pineal chromatin on
endogenous RNA polymerase activity can be determined by measuring the quanti-
tative synthesis of a specific messenger RNA.

Honors and Awards: None

Publications:

1. Fontana, J. A. and Lovenberg, W. : A cyclic AMP-dependent protein
kinase of the bovine pineal gland. Proc. Nat. Acad. Sci. USA
68: 2787-2790, 1971.

2. Fontana, J. A. and Lovenberg, W.: A cyclic AMP-dependent protein
kinase in the pineal gland. In Klein, D. (Ed.): The Pineal :

Proceedings of a Workshop . New York, Raven Press, 1972, in press.
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Serial No. NHLI-204
1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the Biosynthesis and Metabolism of Physiologically
Active Amines

Previous Serial Number: NHLI-94(c)

Principal Investigator: Walter M. Lovenberg, Ph.D.

Other Investigators: Hirohiko Yamabe, M.D., Paul J. Schechter, M.D., Ph.D.,

and Michael A. Beaven, Ph.D.

Cooperating Units: None

Project Description:

Objectives : Several important physiologic functions are mediated by

phenylethyl- and indolealkylamines . The objective of this project is to

examine the mechanism by which these important amines are synthesized and

degraded. Three questions have been examined in the past year: 1) the

effect of morphine treatment on the rate of serotonin synthesis in rat and

mouse brain; 2) the mechanism by which plasma amine oxidase deaminates

phenylethylamine derivatives; 3) the nature of the red cell component that

causes the decarboxylation of 3,4-dihydroxyphenylalanine.

Major Findings : Mice addicted to morphine showed no changes in the rate of

serotonin accumulation following a monoamine oxidase inhibitor or in in vitro

brainstem tryptophan hydroxylase (last year's report). It has been observed

that in acute or chronically treated rats (morphine or codeine 20 mg/kg
every 9 hours for 2 days) there was also no difference in the rate of brain

serotonin synthesis in vivo from labeled tryptophan, or in the level of

brainstem tryptophan hydroxylase.

2. Using partially purified plasma and mitochondrial amine oxidase, a

clear difference in reaction mechanism has been demonstrated. Phenylethyl-

amine derivatives labeled with tritium in the 2 position are oxidatively

deaminated by each of these enz3rmes. The reaction when catalyzed by mito-

chondrial amine oxidase does not release either of the tritium atoms in the

2 position whereas the same reaction catalyzed by plasma amine oxidase results

in the release of one of the two tritium atoms. This is consistent with the

accepted concept that plasma amine oxidase utilizes an "active" aldehyde as

its cofactor whereas mitochondrial amine oxidase contains a flavin prosthetic

group

.

3. A recent report that human red cells contain an enzyme that catalyzes
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the decarboxylation of 3,4-dih.ydroxyphenylalanine (DOPA) was of considerable
interest. Using C-1 labeled DOPA this reaction was confirmed. The reaction,
however, was not inhibited by the typical inhibitors of aromatic L^ amino
acid decarboxylase (a—hydrazino—a-methyl-DOPA or 3-bromo-4-hydroxybenzyl-
oxyamine) . Chromatography of the red cell lysates on Sephadex G-lOO and
CM-Sephadex demonstrated that the activity coeluted with hemoglobin. Con-
version of this Isolated hemoglobin to methemoglobin, carboxyhemoglobin or
deoxyhemoglobin resulted in a complete loss of activity. It was therefore
concluded that oxyhemoglobin can react with DOPA releasing the carboxyl group.
Examination of the reaction mixture following the reaction with ring labeled
DOPA did not reveal the presence of any dopamine, suggesting that the
reaction with oxyhemoglobin may be an oxidative decarboxylation.

Significance : An understanding of the mechanisms involved in the regulation
of synthesis of degradation of physiologically active amines is essential to

our understanding of the nervous and cardiovascular systems. The finding
that oxyhemoglobin appears to specifically react with DOPA may be of
significance in relation to the exogenous administration of DOPA to patients
with Parkinsonism, and may account in part for the rapid destruction of the
drug. The search for the molecular basis of drug addiction is of obvious
importance and must be continued in spite of many rather negative studies
such as that reported above. The concept that addiction may be related to

specific area changes in neurotransmitter synthesis is entirely reasonable
and should be further investigated.

Proposed Course of Project ; In all studies to date the major soluble bio-
synthetic enzymes (tyrosine and tryptophan hydroxylase) have been examined
in relation to narcotic addiction. Experiments are now planned to measure
particle bound enzymes, since it has recently been shown that the proportion
of these enzymes present in particles is much higher in areas rich in nerve
terminals where the important neurotransmitter activity takes place.

Honors and Awards : None

Publications:

1. Schechter, P.J., Lovenberg, W. , and Sjoerdsma, A.: Dissociation of

morphine tolerance and dependence from brain serotonin synthesis
rate in mice. Biochem. Pharmacol. 21: 751-753, 1972.

2. Lovenberg, W. and Beaven, M.A. : The release of tritium upon deamina-
tion of 3,4-dihydroxy [2-3H]phenylethylamlne by plasma amine oxidase.
Biochim. Biophys. Acta 251: 452-455, 1971.
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1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the Isolation and Characterization of Clostridial
Electron Transfer Proteins and Other Iron-sulfur Proteins

Previous Serial Number: NHLI-98

Principal Investigator: Walter M. Lovenberg, Ph.D.

Other Investigators: William A. Eaton, M.D. , Ph.D., and Kerry T. Yasunobu,

Ph.D.

Cooperating Units: Laboratory of Physical Biology, NIAMD; Department of

Biochemistry, University of Hawaii.

Project Description:

Objectives : Iron-sulfur proteins are a major class of electron transfer

catalysts. These proteins are characterized by an unique type of active

center that contains one or more iron atoms bonded exclusively by sulfur

ligands from inorganic sulfides and/or cysteine sulfhydryl groups. These

active centers catalyze either inter- or intramolecular electron transfer

reactions. The objective of this project has been to elucidate the active

center of certain of these proteins. In line with this extensive and de-

tailed chemical and physical characterization of rubredoxin, the simplest of

the iron-sulfur proteins, has been done. Some of the physical approaches that

proved successful with rubredoxin have been extended to the more complex

spinach ferredoxin and beef adrenodoxin.

A. Rubredoxin . Rubredoxin was first isolated from the anaerobe

Clostridium pasteurianum several years ago in this laboratory. In the pre-

vious annual report a tentative amino acid sequence for the protein from this

organism was given. Using classical chemical techniques this work has now
been completed and the correct amino acid sequence is as follows:

F-Met - Lys - Lys - Tyr - Thr - Cys - Thr - Val - Cys - Gly - Tyr - Ilu -

Tyr - Asp - Pro - Glu - Asp - Gly - Asp - Pro - Asp - Asp - Gly - Val -

Asn - Pro - Gly - Thr - Asp - Phe - Lys - Asp - Ilu - Pro - Asp - Asp -

Try - Val - Cys - Pro - Leu - Cys - Gly - Val - Gly - Lys - Asp - Glu -

Phe - Glu - Glu - Val - Gin - Glu - OH.
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Several points about the sequence are worthy of note. The retention of
N-formylmethionine, the initiator amino acid at the N terminus, is apparently
unique to this protein. The sequence shows about 40% homology with other
clostridial rubredoxins that have been sequenced. Of more interest perhaps
is the high degree of homology with either the C or N-terminal portion of
the much larger rubredoxin from Pseudomonas oleovorans . This large rubredoxin,(
while consisting of a single polypeptide chain, is essentially the equivalent
of two clostridial rubredoxins connected by a non-homologous polypeptide
chain of about 50 residues. This represents an excellent example of gene
duplication and insertion.

The amino acid sequence has also been of value in determining more of
the structural detail of the active center. Using a computer program recently
developed here at the NIH together with x-ray coordinates and the chemical
sequence, it has been possible to prepare an in depth visual display of this
protein molecule at atomic resolution. This display will be used in con-
junction with single crystal spectroscopy to determine the nature and degree
of distortion around the tetrahedrally bound iron atom.

Antibodies have now been prepared to Cj_ pasteurianum rubredoxin. These
antibodies are cross reactive with other clostridial rubredoxins and with the
molecule from P_^ oleovorans , but only the protein from C^ pasteurianum gives
a precipitin reaction. Studies are now underway to demonstrate which portions
of the molecule are the necessary determinants for the antibodies.

B. Ferredoxin type proteins . Little new work was undertaken on this
part of the project this year, however, a study of the use of optical
spectroscopy to determine the ligand geometry of the irons in the active
center has been completed. To summarize briefly, the near infrared absorp-
tion and circular dichroism spectra were obtained for adrenodoxin, spinach
ferredoxin and rubredoxin. Each of these proteins exhibited broad weak
(e = 50 to 100) absorption bands in the spectral region of 1.6 to 2.5 y.

Each of these bands were very optically active with anisotrophy factors of
0.03 to 0.05. It was concluded that these absorption bands were derived
from a d ->- d transition of high spin ferrous iron in a tetrahedral ligand
field.

Significance ; These studies contribute significantly to our understanding
of the structure and mechanism of action of this extremely important class
of proteins. This in turn will lead to our understanding of how high energy
electrons derived from biodegradation are trapped and utilized for bio-
synthetic reactions or as energy sources.

Proposed Course of Project : Work will continue on the role of the amino acid
side chains other than the cysteines in the stability of chromophore, and on
the catalytic and antigenic specificity.

Honors and Awards : None
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Publications:

1. Eaton, W.A. , Palmer, G. , Fee, J. A., Kimura, T. , and Lovenberg, W.

:

Tetrahedral iron in the active center of plant ferredoxins and beef
adrenodoxin. Proc. Nat. Acad. Sci. 68: 3015-3020, 1971.
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Serial No. NHLI-206
1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Catecholamine Metabolism and Blood Pressure of
Spontaneously Hypertensive Rats

Previous Serial Number: NHLI-99

Principal Investigator: Hirohiko Yamabe, M.D. (Visiting Scientist)

Other Investigators: Wybren de Jong, M.D., Ph.D., Walter M. Lovenberg, Ph.D.,,

and Albert Sjoerdsma, M.D. , Ph.D.

Cooperating Units: None

Project Description:

Objectives : Since the relationship between reduced brainstem norepinephrine
(NE) content and the development of hypertension was suggested, catecholamine
metabolism in the spontaneously hypertensive rat (SHR) has been studied in
detail and especially in the brainstem. At the same time peripheral catechol-
amine metabolism has also been studied to clarify its role in the development
of hypertension.

Methods : Catecholamine biosynthesis has been investigated by measuring
1) catecholamine content, 2) catecholamine sjmthesis rate by the a-methyl-
tyrosine method, 3) rate of incorporation of labeled precursors into
catecholamines and/or 4) activities of enzymes related to catecholamine
biosynthesis (tyrosine hydroxylase, aromatic L^ amino acid decarboxylase and
dopamine-B-hydroxylase) . The Wlstar/NIH strain has been used mainly as the
normotensive control of the SHR, but recently the normotensive Wistar/Kyoto
strain (closed colony), from which the SHR was originated, was introduced
from Kyoto, Japan. This appears to be a better normotensive control animal.
The age of animals used here were 9-12 weeks.

Major Findings : 1. Brainstem . The NE content and NE synthesis rate in SHR
were significantly lower (-20 to 30%) than in Wistar/NIH. The Wistar/Kyoto
showed intermediate values. Dopamine content in SHR was also lower than in

Wistar/NIH. An incorporation study using •'-^C-tyrosine and -^H-dopa showed that

tyrosine hydroxylase rather than dopa decarboxylase was responsible for this

difference between SHR and Wistar/NIH. Tyrosine hydroxylase (partially
purified) and dopa decarboxylase activity in SHR in vitro were lower than in

Wistar/NIH, but very similar to corresponding values in Wistar/Kyoto.

2. Telencephalon . The NE content was slightly reduced in SHR (0.34 yg/
gm) as compared to Wistar/NIH (0.37 yg/gm) , but dopamine content appeared to

be higher in SHR (1.56 yg/gm) than in the other two normotensive control
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strains (1,27 yg/gm) . Only the difference in dopamine was statistically
significant.

3. Heart . There was no difference in NE content between these strains
but NE synthesis rate was lowest in the SHR. The tyrosine hydroxylase and
dopa decarboxylase activities in SHR were also slightly lower than these
activities in Wistar/NIH.

4. Spleen . The NE content and S3nithesis rate, incorporation rate and
enzyme (tyrosine hydroxylase and dopa decarboxylase) activities in SHR were
only 25% of the corresponding values in Wistar/NIH. This was the most
prominent difference among many organs investigated. The NE content and
enz5rme activities of the Wistar/Kyoto were intermediate between these two
strains.

5. Kidney . The NE content and dopa decarboxylase activity were lowest
in SHR and highest in Wistar/NIH, but the differences were small.

6. Submaxillary gland . The NE content in these three strains were
similar.

7. Mesentery . The NE content is lower in SHR (0.27 yg/gm) than in the
Wistar/NIH (0.42 pg/gm).

8. Adrenal glands . Catecholamine content (as NE equivalents) and
tyrosine hydroxylase and dopa decarboxylase activity expressed per gram of
tissue were significantly lower in SHR than in the Wistar/NIH. However,
if the values were calculated per gland there was no statistical difference,
although the values tended to be lower in SHR. Incorporation of either l^C-

tyrosine or -^H-dopa into NE and dopamine was substantially lower in SHR than
in Wistar/NIH. The incorporation study also indicated a possible difference
of dopamine-g-hydroxylase activity between SHR and Wistar/NIH. This was
confirmed by measurement of dopamine-3-hydroxylase activity in vitro using
16-week-old animals. The dopamine-g-hydroxylase activity of the SHR was
about 50% that of the Wistar/NIH.

In general, catecholamine synthesis was lower in SHR than in the Wistar/
NIH except in a few organs such as the heart and submaxillary glands. The

Wistar/Kyoto usually showed values intermediate between these two strains and
were sometimes closer to SHR than to the Wistar/NIH.

Significance : The role of NE in essential hypertension has been controversial.
The SHR appears to be an excellent animal model to study this question. How-
ever, there has always been a problem of having an appropriate control animal

for the SHR, but this has been partially solved by introducing the Wistar/Kyoto
animals to our colonies.

Synthesis of NE in the brainstem and many peripheral organs in the SHR

is clearly lower than in the Wistar/NIH and slightly lower than in the

Wistar/Kyoto. Using the better control there still appears to be an inverse
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correlation between NE sjmthesis and blood pressure, although this phenomenon
is less dramatic than that observed using Wistar/NIH control animals. The
elevation of blood pressure during this period in SHR cannot be attributed
to peripheral elevation of NE synthesis, and in fact the elevated blood
pressure may result in feedback repression of catecholamine synthesis. Genetic
factors, however, appear to be dominant in the expression of the catecholamine
synthetic system.

Proposed Course of Project : Further studies on catecholamine synthesis in
SHR will be investigated using animals of different ages.

Honors and Awards : None

Publications

:

1. Yamori, Y., Yamabe, H. , de Jong, W. , Lovenberg, W. , and
Sjoerdsma, A. : Effect of tissue norepinephrine depletion
by 6-hydroxydopamine on blood pressure in spontaneously
hypertensive rats. Europ. J. Pharmacol. 17: 135-140, 1972.
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1. Experimental Therapeutics Branch
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Urinary Excretion of Kallikrein

Previous Serial Number: NHLI-79(c)

Principal Investigator: Ronald G. Geller, Ph.D.

Other Investigators: Harry S. Margolius, Ph.D., M.D,

John J. Pisano, Ph.D.
Jack V. Pierce, Ph.D.
John Gill, M.D.

Cooperating Units: Endocrinology Branch, NHLI , NIH

Project Description:

Objectives : To study the role of the kallikrein-kinin system,

1) in hypertensive disease using three animal models of hyper-
tension: spontaneously hypertensive, renal hypertensive, and

desoxycorticosterone (DOCA) salt hypertensive rats, 2) in response

to altered sodium intake, and 3) in relation to mineralocorticoid
excess

.

Methods : Twenty-four hour urine collections were obtained from

individual rats using glass metabolism cages. Urine was collected

at room temperature under toluene and stored at 4°C until assayed.

Both a sensitive isotopic assay which measures the esterolytic
property of kallikrein and the standard guinea pig ileum bioassay
which measures the kinin generating activity of kallikrein were

used with good agreement- A purified rat urinary kallikrein
preparation having a known esterase activity was used as a standard

in both assays

.

Major Findings : Excretion of kallikrein was found to increase 2-3

times with age in spontaneously hypertensive rats, but levels were

lower and stable in normotensive NIH Wistar control animals and

in Wistar rats of the Kyoto strain. Rats with desoxycorticosterone-

salt hypertension excreted 3-4 times more, whereas rats with
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renal hypertension excreted 25% the control level of kallikrein.
The alterations in kallikrein excretion were unrelated to changes
in urine volume and protein excretion.

1

Administration of DOCA alone or pericorten pivalate (synthetil
mineralocorticoids) markedly increased urinary kallikrein excretio
to levels observed in DOCA-salt-hypertension , but did not elevate
blood pressure. It is probable that the increase seen in the
DOCA-salt animals was due to the DOCA alone and not to the develop
ment of hypertension. A similar increase in urinary kallikrein
excretion with no change in pressure was observed in normotensive
rats placed on a sodium deficient diet for 4 weeks, most likely dui

to the release of endogenous aldosterone. Animals drinking 1%
saline excreted normal levels of kallikrein which were unchanged
throughout the same 4 week period. In spontaneously hypertensive
rats kallikrein excretion was unchanged on the sodium deficient
diet but was elevated in rats drinking 1% saline. We have also
observed that adrenalectomized rats maintained on saline excreted
considerably less kallikrein than sham operated animals also
drinking saline.

In preliminary experiments in anesthetized dogs, acute
intravenous saline loads did not significantly alter the urinary
excretion of kallikrein.

Significance to Biomedical Research and Institute Program : The
findings indicate that the activity of the kallikrein-kinin system
as reflected by changes in urinary kallikrein excretion, is alteree

in various experimental models of hypertension and also in relatioi

to dietary sodium intake or mineralocorticoid excess. The meaning
of altered kallikrein excretion in hypertension is not clear. A
better understanding of this system and its relationship to renal
mechanisms could be of considerable importance in understanding the

factors involved in the initiation and maintenance of hypertension,
There does however, appear to be a direct relationship between
mineralocorticoid excess and/or decreased sodium intake with in-
creased urinary kallikrein excretion.

j

The present data points to the necessity of further studies
of the kallikrein-kinin system in hypertensive disease and its

relationship to the renin-angiotensin-aldosterone system.
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Proposed Course of Project ; Urinary kallikrein excretion will be
examined in rats in order to deteim ine other possible relationships
between the kallikrein-kinin system and the renin-angiotensin-
aldosterone system.

Honors and Awards: None

Publications:

Margolius, H.S., Geller, R.G., deJong, W., Pisano, J.J.
and Sjoerdsma, A.: Altered urinary kallikrein excretion
in rats with hypertension. Circ . Res . 30: 358, 1972,

Margolius, H.S,, Geller, R.G., deJong, W., Pisano, J.J.,
and Sjoerdsma, A.: Urinary kallikrein excretion in hyper-
tension. Circ . Res., supplement, in press.
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PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Unusual Linkages in Proteins

Previous Serial Number: NHLI-107

Principal Investigator: John J. Pisano, Ph.D.

Other Investigators: John S. Finlayson, Ph.D.

Cooperating Units: Division of Biologies Standards
Laboratory of Blood and Blood Products

Project Description:

Objectives : To study the factors controlling the extent of e- {-y-

glutamyl) lysine crosslink formation in plasma from normal and
Factor Xlll-deficient patients. To determine the involvement of
the a and y fibrin chains in crosslinking . To compare the extent
of crosslinking of fibrin clots formed _in vivo and iii vitro . To
determine the effect of supplementation of Factor Xlll-def icient
plasma with normal plasma or purified Factor XIII.

Methods : Crosslinking was quantitatively determined by the pre-
viously described enzymatic and chemical methods developed in our
laboratory (NHLI-140 and NHLI-i07) . Polyacrylamide gel electro-
phoresis was used to qualitatively assess crosslinking. Fibrin
chains were separated on Bio-Gel columns.

Major Findings : Of the 6 crosslinks/mole fibrin formed from plas-
ma or purified fibrinogen 4 crosslinks are contributed by a-polyme]
and 2 by 7-dimer. Fibrin from whole blood clots recovered from
monkeys were found to contain up to 6 crosslinks/mole. It appears
that 7-8 crosslinks could form when purified fibrinogen is supple-
mented with excess Factor XIII and allowed to incubate at least
4 hours at 37°.
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Supplementation of Factor XIII deficient plasma or fibrinogen
with purified Factor-XIII commensurately increased the number of
crosslinks formed but complete crosslinking was never achieved.
Even when sn equal volume of normal plasma was added to Factor
Xlll-def icient plasma 5 instead of the normal 6 crosslinks formed.

A role for platelets in crossl inking was not demonstrable in
our experiments. Under our conditions the extent of crosslinking
was the same in platelet-rich and platelet-poor plasma.

Significance to Biomedical Research and Institute Program : Our
results show that the dose of normal plasma presumed to be thera-
peutic in Factor Xlll-def icient patients (1 unit/month) increases
crosslinking capacity to only 50% of normal. The minimum number
of crosslinks needed to achieve hemostatically effective clots is

therefore in question. It would seem that 3 crosslinks/mole is

effective; yet 6 crosslinks/mole is the number found not only in
in vitro experiments with normal plasma but also in clots formed
in vivo in monkeys

.

Any consideration of the mechanism of fibrin polymerization
must now take into account our experiments which show that of the
6 crosslinks per mole found in normal fibrin, 4 are contributed
by ct-chains and 2 by y-dimers. It is known that 7-dimers are
linked by reciprocal bonds near their C-terminals. Conceivably
a-chains are linked by e- (y^glutamyl) lysine bonds in two locations
in the molecule far enough apart to allow reaction of each monomer
with two other monomer units

.

Proposed Course of Project : Our methods for quantitatively de-
termining e- (y-glutamyl) lysine crosslinks will be applied to the
diagnosis of Factor Xlll-deficiency . Therapy with normal plasma
will be quantitatively evaluated by measurement of the crosslinks
in the patient plasma before, immediately after, and at regular
intervals after treatment. The aim will be to determine the ex-
tent of crosslinking required to produce a therapeutic effect.
The possible formation of superpolymerized fibrin will be investi-
gated as well as the distribution of crosslinks within this species
of polymer. Crosslinks in normally occurring "soluble fibrinogens"
and abnormal fibrinogens also will be measured.

Honors and Awards: None
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Publications:

Pisano, J.J., Finlayson, J.S., Peyton, M.P., and Nagai, Y.:
e- (7-Glutarayl) lysine in fibrin: lack of crosslink formaticn
in factor XIII deficiency. Proc . Nat. Acado Sci ., 68;
770-772, 1971.

Finlayson, J.S., Mosesson, M.W., Bronzert, T.J., and Pisano,
J.J.: Human fibrinogen heterogeneities II. Crosslinking
capacity of high soliobility catabolic intermediates. J.
Biol. Chem. , in press, July, 1972.

Pisano, J.J., Peyton, M.P., Nagai, Y., and Finlayson, J.S.:
e- (Y-Glutamyl) lysine crosslinks: determinations in fibrin
from normal and factor Xlll-deficient individuals, in Con-
ference on the Biological Role of the Clot Stabilizing Enzymes
(Transglutaminase, Factor XIII) , to be published in the
New York Academy of Sciences, 1972.
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1. Experimental Therapeutics Branch
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Sensitive, Simple Assays for Esterases of Clinical
Significance

Previous Serial Number: NHLI-102

Principal Investigator: John J. Pisano, Ph.D.

Other Investigators: Toshio Imanari, Ph.D.
Hisanobu Yoshida , Ph.D.

Cooperating Units: None

Project Description:

Objectives : A sensitive assay for esterase activity, which
employed p-tosyl-L-arginine-^H-methylester (-^H-TAMe) as substrate
and measured the -^H-methanol released upon hydrolysis, was
developed in this laboratory (See Project Report NHLI-132, 1969-
70, and NHLI-102, 1970-71) . This assay has been applied to the
measurement of human urinary kallikrein (NHLI-79(c), 1970-71,
Urinary Kallikrein Excretion in Man, 1971-72) . The object of the
present work is to simplify the procedure and adapt it to the
measurement of other TAMe esterases of clinical interest including
plasma kallikrein (and kallikrein inhibitors) plasminogen, plasmin,
and urokinase.

Methods and Major Findings : The assay has been simplified by
eliminating the column step for the separation of liberated ^H-
methanol from ^jj-TAMe . In as much as -^H-TAMe is totally insoluble
in toluene and will not count ia a toluene-base scintillation
cocktail and H-methanol is soluble and will count, the following
simple assay was developed- The aqueous sample is incubated in a

small plastic tube placed in a counting vial containing the toluene
scintillant and aqueous step solution which rests at the bottom of
the vial. The incubation is stopped by shaking the vial so that
the contents of the plastic tube are mixed with the toluene scin-
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tillant and stop solution. The liberated -^H-methanol is extracted
by the toluene and is counted.

Human and rat urinary kallikreins are routinely measured by
the above procedure. In a typical assay of human urinary kalli-
krein, 30 ul of desalted urine is mixed with 10 |j,l of H-TAMe
solution (90,000 dpm, approximately 0.1 nmole) and 40 ul of 0.2 M
Tris-HCl pH 8.0 in the plastic tube. The tube is then placed in
the counting vial containing 10 ml of toluene-based scintillant
and 0.05 ml of stop solution (10:1 mix of 0.02 M TAMe and glacial
acetic acid)

.

The technique has been adapted to the measurement of human
prekal likrein. The essence of this assay is to (1) dilute plasma
and inactivate kallikrein inhibitors with acetone, (2) activate
prekallikrein with kaolin (prekallikrein activator derived from
Hageman factor is equally effective but more difficult to obtain),
and (3) inhibit other TAMe esterases with lima bean trypsin inhi-
bitor .

To measure kallikrein inhibitors in plasma the suitably treated
sample is supplemented with a known quantity of human plasma kalli-
krein and the decrease in esterase activity noted as a function of
time. Plasma from patients with carcinoid syndrome or deficiencies
of Hageman factor or PTA gave normal values of inhibition but a

patient with hereditary angioneurotic edema showed only 10% of the
normal level of inhibition. This method of inhibitor assay pro-
mises to be a simple diagnostic test for hereditary angioneurotic
edema

.

The assay has also been applied to the assay of plasminogen
(streptokinase serves as activator) and urokinase. Samples are
assayed for urokinase by noting their capacity to activate plas-
minogen. The above assays are 50-100 times more sensitive than
existing assays and much easier to perform.

Significance and Proposed Course of Project ; The development of
a simple, reliable assay for urinary kallikrein has made it feasible
to screen a population of patients with primary and secondary hyper-
tension. Significantly different excretions have been noted. It
now appears applicable to the diagnosis of primary aldosteronism
(See Project Report: Urinary Kallikrein Excretion in Man) . The
assays for plasma kallikrein, kallikrein inhibitors, plasminogen
and urokinase may be applied with equal facility to the study of
hypertension, kidney diseases and other clinical states involving
the kinin and fibrinolytic systems.
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Honors and Awards: None

Publications: None
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1. Experimental Therapeutics Brand
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report t

July 1, 1971 through June 30, 1972

Project Title: Studies on Naturally Occurring Vasoactive
Substances

Previous Serial Number: NHLI-101

Principal Investigator: Ronald G. Geller, Ph.D.

Other Investigators: Hisanobu Yoshida, Ph.D.
Hirohiko Yamabe, Ph.D.
Michael Heaven, Ph.D.
Zdenka Horakova , Ph.D.
Floyd L. Atkins, M.D.
John J. Pisano, Ph.D.

Cooperating Units: None

Project Description:

Objectives : 1) To characterize the vasoactive substances found
in the venom of yellow jackets and the American bald-faced hornets,
and 2) to isolate suitable quantities of ranatensin for extensive
pharmacological tests.

Methods: Saline extracts of venom sacs were tested for their
effect on various isolated smooth muscle preparations and on rat
blood pressure. Enzymatic and fluorometric assays were employed
to identify and quantitate the pharmacologically active constitu-
ents of the venoms. Standard chromatographic procedures and our
new counter-current chromatography technique (See NHLI-105) were
employed in the isolation of ranatensin, the new vasoactive pep-

,

tide we isolated from extracts of the skin of Rana pipiens
(See NHLI-139) .

Major Findings : The table lists the constituents in saline ex-
tracts of venom sacs, Ranatensin isolated from methanol extracts
of 200 frog skins by droplet countercurrent chromatography was
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about 75% pure, an extraordinary purification considering that
this was the only purification step employed. This material
(equivalent to 50 mg pure ranatensin) will be further purified
employing a column of SE-Sephadex.

Yellow Jacket
Venom

Hornet
Venom

Histamine
(ug/sac)

Serotonin
(|j,g/sac)

Catecholamines
(ng/sac)

Dopamine

Norepinephrine

Epinephrine

Acetylcholine
(ng/sac)

Kinin-like Substance
(ug/sac)

Histidine Decarboxylase
(ng histamine formed/hr/sac)

5-20

0.6-3

0.5-5.3

2-15

1-6

7, 72 14.4, 14.6

1.7, 1.8 1.8, 2.4

1.9-7.3

Values shown are the range obtained with 20-40 individual sacs
except for the catecholamines where they represent 20 and 50 pooled
sacs

.

Intravenous injection of an extract of 1 venom sac from
either the hornet or yellow jacket is lethal in 200-250 gm rats.
There is an immediate fall in blood pressure and a decrease in
heart rate. Death occurs within 50 minutes. Pretreatment with
antihistamines, atropine, alpha or beta adrenergic blockers, or
anti-serotonergic drugs did not prevent the potent hypotensive
and ultimate lethal effect. After dialysis, the yellow jacket
venom had little or no hypotensive action. However, the dialyzable
fraction continued to be hypotensive and lethal, but a higher dose
was required. Hornet venom remains to be tested. One of the

dialyzable components of yellow jacket venom is inactivated by
S3S
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Pronase and is a peptide analog of bradykinm (See Project Report:
Isolation and Characterization of Vasoactive Peptides in the Venom
of Stinging Hymenoptera)

.

Over 80% of the histamine in leukocytes from an individual
known to be sensitive to yellow jackets was released when the
leukocytes were incubated with 2% of the saline extract of 1 venom
sac. Leukocytes from a non-sensitized person released only 10%
of their histamine.

Significance to Biomedical Research and Institute Program ; Venoms
contain potent, vasoactive peptides. Their characterization will
expand our knowledge of factors which affect blood pressure and
could lead to a better understanding and ultimately the control
of blood pressure in man. Stings from yellow jackets and hornets
may cause hospitalization and death through an anaphylactic reac-
tion or through unknown cardiovascular effects. A knowledge of
the constituents of venoms arri their phe rmacological activities
may provide a rational basis for treating sting victims and for
prophylactic measures. It is likely that a synergistic action
of all components of the venom produces the lethal cardiovascular
effects observed.

Proposed Course of Project ; Further studies will be conducted to
pharmacologically and biochemically characterize the constituents
of the venoms of common stinging insects.

Honors and Awards: None

Publications; None
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2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 197 2

Project Title: Urate Crystal Induced Inflammation in the Rat:
Evidence for the Combined Actions of Kinins

,

Histamine and Complement

Previous Serial Number: NHLI-135, 1969-1970; NHLI-194, 1970-1971

Principal Investigators: Marion E. Webster, Ph.D.
Harriet M. Maling, Ph.D.
Mark H. Zweig, M.D.

Other Investigators: Mrs. Martha A. Williams
Mr, William Anderson, Jr.

Cooperating Units: Laboratory of Clinical Pharmacology, NHLI

Project Description:

Objectives : Our earlier investigations (NHLI-135, 1979-1970) had
shown that subplantar injection of sodium crystals into the rat's
hindpaw produced an inflammation which was only partially inhibited
by antagonists to the kallikrein-kinin system. Further insight
into the underlying mechanism was found when it was noted (NHLI-
194, 1970-1971) that antihistaminics also were capable of partially
reducing the inflammation. The possibility that the combination
of a kallikrein-kinin antagonist and an antihistaminic might com-
pletely suppress this edema has been investigated.

Methods : Inflammation was produced by subplantar injection of
sodium urate crystals (10 mg/paw) . Saline (0.1 ml) was injected
into the other paw. Six hours later, when the inflammation was
maximal, the paws were amputated at the ankle. The inflammation
is expressed as the difference in weight of the hindpaws.

Major Findings : Since both antagonists to the kallikrein-kinin
system and antihistaminics partially suppressed the edema induced
by microcrystalline sodium urate, it appeared possible that block-
ade of both of these mediators might completely inhibit the edema.
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Soybean trypsin inhibitor (80 mgA^g) injected intraperitoneally
at 0, 2, and 4 hours after the sodium urate crystals inhibited 3%
of the edema; triprolidine (50 mg/kg) injected subcutaneously at

the same time periods inhibited 28% of the edema; while the com-
bination of soybean trypsin inhibitor and triprolidine inhibited
58% of the edema. These data suggested that the effects of the
two antagonists were additive and that both bradykinin and his-
tamine were mediators of this inflammation. However, the combinec

treatment failed to completely suppress the edema, which indicatec

that still another mediator may be involved.

Other possible mediators are those derived from complement.
In addition to the role of complement in antigen-antibody reaction
recent studies have shown that activation of some of the complemei:

components results not only in activation of the enzyme for the

next step of the complement series, but releases smaller fragment!

which have biological activity such as C3a and C5a which have beei

classed as anaphylatoxins . Pretreatment of animals with the puri-

fied cofactor (coF) from Naja naja cobra venom depletes their pla;r

levels of the complement component C3 and probably C5 and all of

the later components as well. Sodium urate in these animals
produced an inflammation which was 25% below that of the controls

:

a level of inhibition which just failed to be significant at

p < .05 level and the combination of the data from the two experi
ments was also significant. Serum from the 10 animals treated
with coF failed to form a precipitin band, with antibody to C3

.

These data indicate that the treatment with coF had successfully
depleted the animals of this component of complement. The above
data suggested that components derived from complement were media-

tors of sodium urate edema.

It appeared possible that the combination of an antagonist tt

the kallikrein-kinin systan , an antihistamine and complement depl^

tion might each inhibit a different mediator and thus completely

block the edema. Pretreatment of the rats with coF gave 36% inhi

bition of the edema. Treatment of the rats with a combination of

triprolidine and soybean trypsin inhibitor gave 66% inhibition
|

of the edema, a very similar percent reduction to that previously
obtained. The combination of all three treatments inhibited

almost all of the edema (80%) — reducing the edema from an initij

average of 0.41 grams/paw to 0.08 grams/paw. This reduction was

similar to that obtained with colchicine and some of its derivati^

(NHLI-193, 1970-1971) and greater inhibition of the edema has |
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rarely been obtained regardless of the anti-inf laitunatory agent.
These data suggest that the effects of the three antagonists were
additive and that microcrystalline sodium urate edema in the rat
was mediated by bradykinin, histamine and components of comple-
ment .

Significance to Biomedical Research and Institute Program ; This
project has helped to clarify the mechanism of the production of
inflammation by microcrystalline sodium urate crystals — an agent
believed to initiate acute attacks in gouty arthritis. The
identification of the mediators responsible for this inflammation
should lead to improved therapy for arthritic patients and to the
development of antagonists to the kallikrein-kinin and complement
systems which can be used in humans.

Proposed Course of Project : The observation that histanine may
play a role in urate edema was unexpected since, as far as we
know, no previous studies had implicated histamine as a mediator
of gouty arthritis. Attempts will be made to determine the origin
of this histamine and to obtain direct measurements of it in
synovial fluid.

Honors and Awards: None

Publications:

Zweig, M.H., Maling, H.M., and Webster, M.E,: Inhibition of
sodium urate induced rat hindpaw edema by colchicine deriva-
tives: correlation with antimitotic activity. J. Pharmacol .

Exp . Therap . , in press.
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Serial No. NHLI-212
1. Experimental Therapeutics Branch
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Droplet Countercurrent Chromatography (DCC)

:

Theory and Application

Previous Serial Number: NHLI-105

Principal Investigator: Hisanobu Yoshida, Ph.D.

Other Investigators: John J. Pisano, Ph.D.

Cooperating Units: None

Project Description:

Objectives : To perfect and apply the technique of countercurrent (

chromatography to the solution of problems in the isolation and
characterization of compounds of biomedical interests.

Methods : Design and construction of suitable equipment. Develop-
ment of the theory and practice of countercurrent chromatography.

Major Findings : Resolution is inversely proportional to colimin
diameter and, with a given column, proportional to droplet size.
Droplet size is directly proportional to flow rate and inversely
proportional to column diameter. Better resolution is obtained
with several short columns than with a single column of equal
length. Resolution of high molecular weight substances (proteins,
RNA) is not as high as with low molecular compounds (DNP-amino
acids) but the results are comparable to those obtained by classi-
cal countercurrent distribution (CCD)

.

i

New DCC units have been constructed consisting only of teflon
tubing. Solvent systems commonly employed in CCD may be used with
these units which appear to be superior to glass, and presumably,
metal, and ceramic systems. One teflon unit which has been ex-
tensively employed consists of 200 columns 20 cm long, made of AWGl
tubing connected in series with AWG24 teflon tubing. A comparison t
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of this teflon unit and a 200 tube machine was made using a mix-
ture of peptides. The peptides were better resolved in the DCC
unit.

We have also employed this DCC unit with gratifying results
in the isolation of ranatensin from crude extracts of frog skin
and in the isolation of a new biologically active glycopeptide
found in the venom of yellow jackets.

Significance to Biomedical Research and Institute Program ; Standard
ion exchange, and liquid-liquid chromatographic procedures are
often not satisfactory for the separation of neutral, organic-
soluble compounds of biological interest. The classic counter-
current distribution technique is often used, but it is cumber-
some o Liquid-liquid chromatographic methods employing solid
supports often exhibit tailing due to adsorption of the solutes
to the support, and the capacity of this technique is low.

Countercurrent chromatography on the other hand does not
employ solid supports. It is an all-liquid separation technique
ideally suited for any substance which partitions between two
immiscible solvents. It is free of adsorptive effects, a charac-
teristic which is most important in the separation of peptides and
many other biological substances which adsorb (often irreversibly)
to the solid supports used in conventional chromatography.

Proposed Course of Project : Having established the usefulness of
countercurrent chromatography in the separation of peptides and
ribonucleic acids, the technique will be extended to other classes
of substance such as lipids, pesticides, carbohydrates, etc.
Practical applications are anticipated in the isolation and iden-
tification of naturally occurring peptides and peptides obtained
in the degradation of proteins undergoing amino acid sequence
analysis.

Honors and Awards: None

Publications: None
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Serial No. NHLI-213
1. Experimental Therapeutics Branc
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the Enzymes Involved in the Activation
of Human Plasma Kallikrein

Previous Serial Number: NHLI-103 '

Principal Investigator: Marion E. Webster, Ph.D.
William Anderson, Jr.

Cooperating Units: None

Project Description:

Objectives : The kallikrein which is present in human plasma is

normally found as an inactive precursor called prekallikrein . The'
study of the mechanism by which this enzyme is activated in human
blood has been undertaken in order to better understand the role
of the kinin system in a number of pathological conditions.

Methods : For measurement of plasma kallikrein and prekallikrein
activator the direct bioassay for kinins employing the guinea pig
ileum was used. In this procedure the sample being assayed was
added to a source of kininogen directly in the tissue bath.
Heated plasma (60° for 1/2 hr) served as a specific substrate for
plasma kallikrein. Normal plasma, however, contains both prekalli-
krein and kininogen so ttiat both prekallikrein activator and plasma
kallikrein generate kinins from this substrate. The assay can be
made specific for prekallikrein activator, if plasma kallikrein in

the sample is first removed by filtration through a soybean trypsin
inhibitor-Sepharose coliomn. Prekallikrein activator is also
rapidly and accurately measured by employing the modification belov^

of the H-TAMe procedure. Clotting tests were performed in the
usual manner using human or animal plasma deficient in the various
factors.

Major Findings : A sensitive isotopic esterase assay for measure-
ment of prekallikrein activator activity was developed. This i
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method is 500 times more sensitive than the bioassay employing the
guinea pig ileum and approximately 50 times more sensitive than the
rat uterus. In this procedure prekallikrein activator is incubated
in .03-0.1 M Tris buffer, pH 8.0, for 10 minutes at room tempera-
ture with a source of prekallikrein and then incubated for 30
minutes with ^H-TAMe. The tritiated methanol formed by the enzyme
is determined by a method described in Project Report t Sensitive/
Simple Assays for Esterases of Clinical Significance. Prekallikrein
was prepared by a modification of the method c£ Kaplan and Austen
(J. Immunol. 105: 802, 1970). Zero order kinetics were followed
with concentrations of activator from 0.5 to 3 munits/ml where 1

unit is defined as that found in 1.0 lul of plasma. The same
assay could also be used for the measurement of prekallikrein.

As supercel is known to adsorb active Hageman factor, we
examined its ability to adsorb kallikrein and its activator from
acetone-activated plasma. It was found that almost all of the
plasma kallikrein activity was not adsorbed and could be recovered
in the supernatant. However, the activator activity was found
divided between that which could be adsorbed and eluted from super-
cel and that which failed to adsorb. Clotting tests conducted
in the presence of celite indicated that approximately 40% of the
Hageman factor, 18% of Factor XI (PTA) activity and 6% of Factor
IX activity could be recovered from the supercel. The fraction
recovered from- the supercel also shortened the clotting time of
plasma in the absence of celite suggesting that the clotting
factors were present in their active form. Readsorption of this
fraction with supercel removed 60-90% of the prekallikrein activa-
tor activity whereas the activity in the original supernatant re-
mained non-adsorbable. Electrophoretic analysis on polyacrylamide
gels showed that the activator activity of the adsorbable material
was located throughout the gel while the activity of the non-adsorb-
able material was found only in the prealbumin region. These data
are in agreement with the hypothesis that the activator which
adsorbed on supercel was active Hageman factor and that the acti-
vator found in the supernatant was the 30,000 molecular weight
fragment now called PKA (prekallikrein activator)

.

Incubation of active Hageman factor (recovered from one ad-
sorption on supercel) with plasmin caused no change or only a

slight increase in activator activity. However, the plasmin-treated
activator could no longer be adsorbed on supercel, suggesting that
it had been converted to the 30,000 molecular weight PKA. These
data are in agreement with the concept that PKA is derived from
Hageman factor, but do not support the hypothesis that the con-
version of plasminogen to plasmin is necessary for maximal genera-
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tion of activator activity in human plasma. Rather they suggest
that active Hageman factor, itself, has a full capacity for acti-
vating prekallikrein. Furthermore, degradation of active Hageman
factor by plasmin is not required for generation of kinins.

With the availability of the sensitive isotopic esterase
method for activator activity, it was possible to establish that
PF/dil (permeability factor/dilute) of Miles and Wilhelm was iden-
tical to the activator of prekallikrein. PF/dil was the name given
to an enzyme found in diluted plasma (1:100 or greater) which
produces a local increase in capillary permeability when injected
into the skin of guinea pigs and a variety of other mammalian
species. In this technique plasma is diluted, incubated 1 hour
at 37° and assayed for activity. No detectable plasma kallikrein
was generated but substantial quantities of activator were formed,
greater than those obtained from acetone activated plasma. Incu-
bation of dilutions of normal plasma in the absence of glass as
well as dilutions of plasma deficient in Hageman factor produced
no activator activity, as has been previously described for PF/dil.
Antibody to human C'l esterase inhibitor enhanced the production
of activator activity which suggests that this inhibitor is one
of the controlling factors in the generation of activator activity
in human plasma. Furthermore, dilution of plasma from a patient
with hereditary angioneurotic edema, which is essentially deficient
in this inhibitor, showed twice the activator activity found in
normal individuals. This technique can provide a simple method
for the quantitative determination of Hageman factor in hiaman plasma

Significance to Biomedical Research and Institute Program ; The
generation of kinins by plasma kallikrein has been implicated in a

number of pathological conditions such as hereditary angioneurotic
edema, gouty and rheumatic arthritis, asthma, pulmonary edema,
reactions to blood transfusions, infection by pathogenic organisms,
pancreatitis, etc. A complete understanding of this system and
the enzymes responsible for its activation, could lead to the
development of inhibitors which might be therapeutically useful.

Proposed Course of Project ; Continued investigation of the enzymes
involved in the activation of prekallikrein.

Honors and Awards: None
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Prado, J.L,, Prado, E.S,, Stella, C.R. and Webster, M.E.:
Purificacao, algumas propriedades e espeif icadade da calli-
creina urinaria equina. Am. Acad , Brasil Cien . 42 ; 773-781,
1970.

Prado, E.S., Webster, M.E. and Prado, J.L.: Kallidin (Lysyl-
bradykinin) the kinin formed from horse plasma by horse
urinary kallikrein. Biochem . Pharm . 20 ; 2009-2015, 1970.

Webster, M.E.: Section 3.1, Bioassay, Chapter 21, Kinins.
In Berson, S.A. and Yalow, R.A. (Eds.) Methods in Investiga -

tive and Diagnostic Endocrinology , in press.

5^r



Serial No. NHLI-214
1. Experimental Therapeutics Branch
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Biochemistry of the Kallikrein-Kininogen-Kinin
System

Previous Serial Number: NHLI-109

Principal Investigator: Jack V. Pierce, Ph.D.

Other Investigators: Renne Chen, Ph.D.
Kjell Nustad, M.D.
Ronald Cellar, Ph.D.
Marion E. Webster, Ph.D.

Cooperating Units: Ungulate Unit, Animal Center Section, Laboratory
Aids Branch, Division of Research Services
(L.D. Stuart)

Project Description:

Objectives : Purification of glandular kallikreins and components
of the plasma kinin system for characterization purposes and for
production of specific antiserums. Preparation of purified specific
antibodies for biochemical and chemical studies. Preparation of
affinity adsorbents from purified antibodies and antigens for
purification and other purposes, such as devising specific bio-
chemical and radioimmunochemical assays. Applications of these
purified proteins, affinity adsorbents, and assay methods to studies
of human disease states, such as hypertension.

Major Findings ; 1) Urinary Kallikreins . Rat . Kallikreins isolated
from rat kidneys and from incubates of rat kidney slices with
tritiated L-leucine by methods described earlier were indistinguish-
able in four respects from purified rat urinary kallikreins (See
NHLI-109): (a) the pi's obtained on electrofocusing; (b) the
relative proportions of the four kallikrein variants; (c) the poly-
acrylamide gel patterns; and (d) immunochemical properties. The
radioactivity coincided with the TAME activity in polyacrylamide
gels of the purified kallikreins from the biosynthesis experiment.
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These data provide strong evidence for the kidney origin of
urinary kallikreins.

Human . Rhesus monkey urine appears to contain a kallikrein
immunologically identical to human urinary kallikrein. Kinins are
readily released from human plasma by rhesus urinary kallikrein
and from rhesus plasma by hiaman plasma and urinary kallikreins.
Further, immunological identity was observed between rhesus and
human plasma kininogens and serum albumins. Thus, the rhesus
monkey would appear to be interchangeable with the human for many
biochemical and pharmacological studies involving the kinin system.

2) Human Plasma Prekallikrein . A new scheme is being devised
to isolate as many of the components of the kinin system as possible
from the same starting plasma. The present scheme is: (a) dialysis
or gel filtration of ACD plasma (collected in plastic bags and
made to 0.01% polybrene) against 0.002 M Tris-HCl, pH 8.0, con-
taining 0.01% polybrene. (b) Applying the clarified plasma dialy-
sand, which contains the unactivated kallikrein and Hageman factor,
to a DEAE-cellulose column and washing with fresh dialysis buffer.
The filtrate and wash contain all of the prekallikrein originally
in the plasma but purified about 10-fold. (c) Eluting the DEAE-
cellulose column with increasing concentrations of phosphate
buffer, pH 7.0, from 0.01 to 0.50 M. Inactive Hageman factor is

eluted by 0.05 M phosphate and the kininogens, by 0.10 to 0.25 M
phosphate.

Further purification of prekallikrein has been achieved by
affinity chromatography of the DEAE-cellulose filtrate on a column
of Sepharose 4B to which L-arginine had been attached via 1, 12-

dodecanediamine . (When aTginine is attached directly to Sepharose
or via 1, 6- hexanediamine, no or very little binding of pre-
kallikrein occurs.) Elution of adsorbed prekallikrein was first
achieved with distilled water, after washing the column thoroughly
with starting saline buffer. However, it was observed that the
water eluates containing the prekallikrein had pH's as low as 5.0,
although the column and sample had been buffered at pH 7.1. Elution
was next performed, therefore, with a pH 7.5 - 3.0 continuous
gradient using sodium acetate and acetic acid mixtures. A large
amount of inactive protein was eluted between pH 5.9 and 4.8 and
found to consist mainly of immunoglobulins (this fraction was used
below to prepare anti-human IgG in sheep) , then two rather shallow
peaks of prekallikrein activity at pH 4.25 and 3.70. These two
fractions, while considerably purer than the starting material,
were still heavily contaminated by IgG, as determined by radial
immunodiffusion, gel filtration, and Ouchterlony tests. When
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commercial human IgG was chromatographed on arginine-Ci2~Ssph3^ose,
the A280 nm elution profile was quite similar to that seen above
with the DEAE filtrate. This adsorbent has a capacity of about
20 mg of IgG per ml of bed volume.

Attempts to purify further the prekallikrein obtained from
the Arg-Sepharose column were disappointing. Gel filtration on a

240-cm column of Bio-Gel A-0.5 m gave only a partial separation of
IgG and prekallikrein, as did also electrofocusing . Hydroxyapatite
chromatography at different pH's and in the presence and absence
of salt showed no great promise at this stage.

We therefore decided to try to remove the IgG, the main con-
taminant, from prekallikrein fractions by means of anti-IgG-Sepha-
rose affinity chromatography. Immunization of a sheep with the
IgG fraction mentioned above gave, after the 30-day booster in-
jection, about 5 mg of antibody to IgG/ml of antiserum. This anti-

serum shows a line of identity with all of the prekallikrein frac-
tions so far tested, as well as with commercial IgG and human
plasma- With the latter, the antiserum gives also a second, weak
line. Rhesus monkey plasma gave only a weak, diffuse precipitin
line which may be continuous with that seen with human plasma.

3) Human Plasma Kininoqens . The DEAE-cellulose kininogen
eluate obtained by means of the new scheme described above was
found to adsorb well to antikininogen-Sepharose columns, but now
we no longer had to be concerned about the activation of trace
amounts of prekallikrein apparently surviving the heat treatment o;

human plasma. Further, the eluate from the antibody column was
purer than when heated plasma was used. Gel filtration of this
eluate on a 240-cm column of Bio-Gel A-0.5 m showed two well-sepa-
rated kininogen peaks which were identified as HMW and LMW kinino-
gens by means of plasma and urinary kallikreins. The elution volur

are consistent with molecular weights of 200,000 and 50,000 as

claimed earlier by Jacobsen and Kriz . Gel filtration of the peaks
separately both before and after treatment with 5 M guanidine-HCl,
the eluent used to remove the adsorbed kininogens from the antibody

column, gave back the still biologically active peaks at the elutic

volumes first observed. Gel filtration of an aliquot of the DEAE-

cellulose eluate also gave two kininogen peaks whose elution
volumes and susceptibilities to plasma and urinary kallikreins were

indistinguishable from those obtained in the experiments described
above. These results show (a) that the two forms of kininogen are
probably present as such in the starting plasma; (b) that they are
not detectably changed by adsorption to antibody-Sepharose colums
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and elution with 5 M guanidine; and (c) that they are not inter-
convertible under the conditions used.

Significance to Biomedical Research and Institute Program : The
purification of the components of the plasma kallikrein system is

crucial to investigations of its physiological function (s). This
system is activated simultaneously with the blood coagulation and
lysis system: Factor XII (Hageman Factor) of the latter appears to
be an integral part of the former. There are a niamber of obser-
vations implicating the kallikrein system in inflammation, pain,
immune reactions, the carcinoid syndrome, arthritides of various
etiologies, and hereditary angioneurotic edema.

Proposed Course of Project : Since there appears to be a minor
impurity in the sheep antiserum to human urinary kallikrein, we
plan to isolate specific antibody from an immune precipitate ob-
tained with human or rhesus monkey pancreatic extracts and using
the antibody on affinity columns to isolate salivary, pancreatic,
and urinary kallikreins from humans and rhesus monkeys. The puri-
fied antibody will also be tested for its inhibition of the bio-
logical and TAME esterase activities of several kallikreins, e.g.,
plasma kallikrein.

We plan also to process large volumes of human plasma by the
new scheme for the further purification of prekallikrein by
affinity chromatography on arginine-Sepharose and anti-IgG-Sepharose
columns and of kininogens by affinity chromatography on antibody
columns, gel filtration, and hydroxyapatite chromatography.

Honors and Awards: None

Publications

:

Pierce, J.V.: Chapter 21 "Kinins", Section 1, "Purification
and Biochemical Characterization". In Methods in Investigative
and Diagnostic Endocrinology , 1971.
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Serial No. NHLI-215
1. Experimental Therapeutics Branch
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Kinins in Urine

Previous Serial Number: None

Principal Investigator: John J. Pisano, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives ; To obtain an accurate assay for bradykinin and lysyl-
bradykinin in urine and to determine the excretion of these com-
pounds in normal urine and in urine from patients with diseases
in which kinins may have an important role.

Methods : Bradykinin and lysylbradykinin are adsorbed on Amberlite
CG-50 and eluted with 9N acetic acid . The isotope dilution tech-
nique is used to determine recovery. Kinins are measured by bio-
assay using the isolated rat uterus or guinea pig ileum

-

Major Findings ; Essentially complete adsorption and good recoveries
(85-100%) of the kinins from CG-50 was achieved.

14
Instability of C -labelled bradykinin and lysylbradykxnin

used as tracer has been documented. The bradykinin which was
approximately 50% pure when received from New England Nuclear
Corporation in 1967 is now only approximately 16% pure. Lysyl-
bradykinin which was about 90% pure when received from Schwarz
BioResearch in the winter of 1968-69 is now only 30% pure.

Significance to Biomedical Research and Institute Program : Sig-
nificant differences have been noted in the excretion of urinary
kallikrein in individuals with hypertension. It is important to
know if this increased kallikrein causes a rise in the level of
kinins in urine. Kinins are the most potent vasodilator and
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hypotensive substances known. The study of urinary kallikrein
and kinins could provide a new dimension in the study of hyper-
tension in man.

Proposed Course of Project ; Bradykinin and lysylbradykinin will
be determined in normal urine and in urine from patients with
clinical conditions such as primary and secondary hypertension,
carcinoid syndrome and hereditary angioneurotic edema.

Honors and Awards: None

Publications : None
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Serial No. NHLI-216
1. Experimenta 1 Therapeutics Branch
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Isolation and Characterization of Vasoactive
Peptides in the Venom of Stinging Hymenoptera

Previous Serial Number: NHLI-101

Principal Investigator: Hisanobu Yoshida , Ph.D.

Other Investigators: Ronald Geller, Ph.D.
John J. Pisano, Ph.D.

Cooperating Units: None

Project Description:

Objectives : To determine the structure of the vasoactive peptides

in the venom of the species of wasp commonly known as yellow
jackets

.

Methods : Insects were collected by a professional apiarist and

brought alive to the laboratory. They were stored up to 4 days

at 0-5° and then killed by immersion in methanol. The venom
apparatuses were removed from 1,000 insects and stored at -10°.

Peptides were extracted by homogenization in 1% acetic acid. The

extract was fractioned on a column of SP-Sephadex and by counter-

current chromatography. Biologically active fractions were de-

tected by noting the effect on rat blood pressure, the isolated rat

uterus, and rat duodeniam.

Major Findings ; Four peaks of biological activity (equiactive

to 800 ug bradykinin) were noted in fractions obtained from the

SP Sephadex column. All peaks contracted the uterus, but only

the first three lowered blood pressure. The major activity, peak

3, (equiactive to 500 ug of bradykinin on the rat uterus), was

purified by droplet countercurrent chromatography. The pure pep-

tide was not inactivated when treated with trypsin, carboxypepti-
dase A or leucine aminopeptidase but was inactivated by carboxy-
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peptidase B and chymotrypsin. The amino acid sequence determined
by the Edman-dansyl method is:

thr-ala-thr-thr-arg-arg-arg-gly-bradykinin

The heptadecapeptide also contains a ninhydrin-positive com-
ponent which is indistinguishable from galactosamine on the amino
acid analyzer. This yellow jacket kinin may be the first carbo-
hydrate-containing vasoactive peptide found in nature. It lowers
rat blood pressure, releases the duodenum and contracts the uterus.

Siqnficance to Biomedical Research and Institute Program ; Venom
is a highly specialized fluid designed to be harmful. Venoms are
known to contain such established potent pharmacologic agents as
histamine, serotonin, acetylcholine and catecholamines. Eluci-
dation of the structure of vasoactive pq) tides in venoms could
contribute to our understanding of the harmful effects of venoms
and provide valuable clues for the possible occurrence of similar
substances in man. The peptides will be useful tools for the study
of hypertension.

Proposed Course of Project ; To identify the unknown ninhydrin-
positive component and the complete structure of yellow jacket
kinin. To examine the other peaks of activity seen on SP-Sephadex.
To examine the venom of hornets and bees.

Honors and Awards : None

Publications: None
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1. Experimental Therapeutics Branc
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studes on the Structure of Villikinin

Previous Serial Niamber: NHLI-106

Principal Investigator: John J. Pisano, Ph.D.

Other Investigators: Eszter Kokas, Ph.D.

Cooperating Units: Physiology Department
University of North Carolina
Medical School

Project Description:

Objectives : To isolate and determine the structure of villikinin,
a substance obtained from intestinal mucosa which has a specific
stimulant action on intestinal villous motility.

Methods : Canine, bovine and porcine intestinal mucosa samples were

extracted with trichloroacetic acid (TCA) and the extracts applied

to a Dowex 50 and Bio-Gel P4 column. Partition coefficients were

determined in two solvent systems. Active fractions were bio-

assayed in dogs in vivo , by the usual method of noting the increase

in intestinal villous motility.

Major Findings : Villikinin extracted by the TCA method behaved
differently on Dowex 50 columns from villikinin extracted by the

old HCl-heat-charcoal method. The TCA method will be adopted be-

cause it is milder and less likely to produce artifacts. Villikini

activity eluted from Dowex 50 was inactivated by Pronase, leucine

amino peptidase, and chymotrypsin . However, it was only partially
inactivated by trypsin, and by a mixture of carboxypeptidases A

and B. The partition coefficient of villikinin activity was

approximately 1 in the solvent system sec-butanol : trif luoroacetic

acid:water (120:1:160) and approximately 0.7 in the solvent system

n-butanol:acetic acid:water (4:1:5) . When the villikinin activity
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recovered from the Dowex 50 column was tested on a Bio-Gel P4
column, two peaks of activity were obtained. The major peak
appears to have a molecular weight of 860 and the minor peak,
1760.

Significance to Biomedical Research and Institute Program ; Villi-
kinin may be a specific hormone which controls intestinal villous
motility. Contraction of villi promotes lymph flow and absorption
of nutirents from the GI tract.

Propoead Course of Proigct ; Villikinin will b© extracted from
mucoea by the milder TCA method. Monkey and human intestine will
be examined in as mueh as the dog hormone (s) could have i different
structure and be Inactive in humans. Once an adequate quantity
of material Is purified, the amino acid sequence will be determined
and confirmed by synthesis. Also, pharmacological studies will
be undertaken In an attempt to determine the physiological sig-
nificance of villikinin in man.

Honors and Awards: None

Publications: None
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1. Experimental Therapeutics Branch

2. Section on Neuroendocrinology
3. Bethesda^ Maryland

July

PHS-NIH
Individual Project Report

1, 1971 through June 30, 1972

Project Title: Effects of Steroid Hormones, Protein Hormones and Electrolytes
on Neural and Sensory Function.

Previous Serial Number:

Principal Investigator: Robert I. Henkin, M. D., Ph. D.

Other Investigators: N. Prakash, Ph. D.

J. Fontana, Ph. D.

A. L. Larson, M. D.

M. Buchsbaum, M. D.

Cooperating Units: Department of Medicine, University of Cincinnati School
of Medicine, Cincinnati, Ohio; Polytechnic Institute of

Brooklyn, Brooklyn, N, Y.; National Institute of Mental
Health, Bethesda, Maryland.

Project Description:

Objectives : To investigate systematically the interrelationships between
steroid hormones protein hormones and electrolytes on neural and sensory
function with respect to detection and recognition of sensory signals and to

investigate the mechanisms by which these interrelationships occur.

Major Findings: 1. Effects of adrenocorticosteroids on norepinephrine (NE)

and acetylcholine (Ch) uptake and on (Na+ + K+) ATPase activity of brain
synaptosomes . Studies involving the effects of Cortisol (F) on the uptake and

release of NE and Ch by rat brain synaptosomes have continued. In a previous

report (1970-71) it was noted that F inhibited the uptake of both NE and Ch

as well as (Na"*" + K ) ATPase activity of rat brain synaptosomes. Recent evi-

dence suggests that F also stimulates release of NE and Ch from preloaded rat

brain synaptomes.

2. Effects of adrenocorticosteroids on neural conduction in squid giant

axon . In an effort to define the role of carbohydrate-active steroids (CAS)

on neural conduction the effects of CAS on the Na"^ and K"*" current of the squid
giant axon was measured using a voltage clamp technique. Administration of

CAS or Na - K active steroids of high potency did not alter the ionic currents
of the squid giant axon. Administration ACTH in the presence of CAS also did

not alter the ionic currents. These results indicate that neither CAS nor
Na - K active steroids affect the ionic gradients involved in neural conduction.

By exclusion, since administration of CAS are known to alter neural activity
in a significant manner, the actions of CAS may be on the pumping mechanism

rrr



Serial No. NHLI-218(c)

of Na or K across the nerve membrane^ an action not tested in the present
studies. This hypothesis would be consistent with data previously collected
in our own laboratory and by other investigators. This hypothesis is also
supported by the effects of CAS on (Na""" + K"*^ ATPase activity previously
noted.

3. EEG changes in sleep in man in the absence of adrenocorticosteroid
secretion, during administration of ACTH and during administration of CAS
and Na+ - K"*" active steroids . The effects of CAS on human sleep were studied
in 4 patients (ages 24-56) with adrenal cortical insuf ficiency, (3 had Addi-
son's disease J 1 had panhypopituitarism) on hormonal replacement therapy (2-

6 nights) and off replacement therapy (5 nights) and in 5 healthy male volun-
teers (age 20-25) during baseline conditions (2-4 nights) and after receiving
metyrapone (SU4885) 750 mg. every 4 hrs. for 6 doses (which reduces Cortisol
production by inhibition of adrenal 11-p-hydroxylation) . In both patients
and volunteers decreased CAS was associated with a significant increase in

delta sleep (stages III and IV) ^ delta "L (proportion of total sleep (TS) spent
in delta) ^ and the REM density (RD^ a measure of REM eye movement activity^
scored on a scale of 0-8/min. REM) (Table 1).

TABLE I

TS REM RD DELTA DELTA 7o DL

Patients
On R^

Off R^

Volunteers
Baseline
Id. post SU4885
2d. post SU4885

405+31 77+20 1 6+0 7 59+15 14.4+2. 7 35+33

398+22 67+31 2 1+0 7* 72+20* 18.1+4. 8* 40+33

382+36
413+33**
423+42**

101+13

92+22
103+22

1

1

1

4+0

7+0
8±0

4

5*Vf

41+19
61+25**
46±17

9.9+5
15+6.

11±4.

5

7

7

27+29
18+6***

21±7

Paired t-tests; *p <.05 (one tailed)^ **p<.05 (two tailed, ***p< .01 (two

tailed) Friedman analysis of variance: #p = .028 (X^ = 6) Values = mean +
S. D.

For the patients^ the effects of delta and delta °L were seen only on the

4th and 5th days off therapy, though RD increased immediately. The volunteers
also had an increase in TS and a reduction in the delta latency (DL^ time

from sleep onset to the first stage III or IV).

The effects of increased CAS were studied in 3 of the above volunteers
during oral administration of prednisone 12.5 gm. 4 times a day (9 a.m.,

1 p.m., 6 p.m., and 9 p.m.) for 2-3 days and in all 5 of them by daytime in-

travenous infusions of placebo and ACTH (40 ji in D5W) given over 8 hours (in

3 subjects, 8 a.m. - 4 p.m.; in 2 subjects, 3 p.m. - 11 p.m.). In both groups,

increased CAS was associated with a significant increase in REM latency (RL,

time from sleep onset to first REM period) and a decrease in REM and REM %

(proportion of TS spent in REM) Table II). Prednisone significantly reduced

stage III, and ACTH significantly reduced TS.
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TABLE II
TS REM REM 7= RL III IV DELTA RD

Prednisone
Baseline 401+36 106+15# 26.,4+2. 5# 78+1 2#

Drug 431+29 71+11 16.,5+3.1 142+49
Recovery 434+9 137+6 31.,6+1.5 60+1

night #1
Infusion
Placebo
ACTH

16+3 32+10 48+14
9+3 36+5 45+8
15+19 24+21 39+37

85+35 17+7 40+24 57+23435+33 115+27 26.3+5.5
386+30** 70+33***17.7+8*** 118+35** 12+8 41+17 53+13

1.6+0.4
1.3+0.5
1.7+0.5

1.5+0.3
1.1+0.4

Paired t-tests; *p <.05 (one tailed), **p <.05 (two tailed), ***p <.01 (two

tailed) Friedman analysis of variance: #p = .028 (X^ = 6) Values = mean +
S.D.

Since the same results were found in the patient with panhypopituitarism
as in the Addisonian patients, the data suggests the increased delta sleep
following decreased CAS is independent of ACTH.

4. EEC changes in patients with untreated chromatin negative gonadal
dysgenesis . The visual averaged evoked responses (AER) of 10 patients with
documented chromatin negative gonadal dysgenesis were studied during the time
that they were off all replacement therapy. Results indicated that their AER
exhibited a reducing pattern of response, i.e., as the intensity of the visual
stimulus increased there was a concomitant reduction in the amplitude of the

AER and no decrease in latency. This pattern of response is significantly
different from that of an aged matched group of normal premenopausal women
but not significantly different from that of an aged matched group of men.
These results indicate a role for estrogen and perhaps progesterone on neural
activity of the brain.

5. Hearing loss in patients with osteoporosis and Paget 's disease of
bone . Auditory function was evaluated in nine patients with two metabolic
bone disorders, seven with idiopathic osteoporosis (10) and two with Paget 's

disease of bone (PD) . Five patients with 10 and the two with PD were sub-
jectively aware of hearing losses which occurred concomitant with or after
the onset of symptoms of their bone disease. Audiometric thresholds were
markedly altered from normal in six of seven patients with 10 and in the two
with PD when compared with an age-matched patient group without bone disease.
Three distinct patterns of hearing loss were observed: (1) A mild flat loss
in all frequencies - 2 patients - (2) A mild to severe loss in all frequencies
with an exaggerated high frequency loss - 5 patients - (3) A "peak" curve with
normal thresholds in mid-frequency range and low and high frequency losses -

2 patients. Acoustic resistance was elevated in each patient tested indicat-
ing some fixation of the ossicular chain. Roentgenographic analysis of tempo-
ral bones indicated increased sclerosis of cochlear and vestibular labyrinths
in four of seven patients with 10. These results demonstrate that patients
with two forms of metabolic bone disorders have decreased auditory function.
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Significance : 1, Role of adrenocorticosteroids in neural conduction . We
have shown that CAS affect the uptake and release of NE and Ch in rat brain
synaptosomes J by inhibiting uptake and by stimulating release probably through
the direct effect of CAS on (Na"*" + K+) ATPase activity. These data and that
collected in squid giant axon suggest that CAS affect neural conduction by al-
teration of the pumping mechanism which controls the flux of Na and K across
the nerve membrane.

2. Role of steroid hormones in neural function . A. Studies of the

role of adrenocorticosteroids on sleep indicate that A sleep is controlled
at least in part by CAS. Whereas CAS influenced REM sleep in a non-specific
manner^ as do many pharmacologically active substances this is the first de-
monstration of a role for CAS in A sleep. The only other drug which has
been reported to affect REM and A sleep^ and this in the opposite direction
to CAS, is LSD -25.

B. Studies on patients with gonadal dysgenesis indicates that estrogen
has an observable effect on evoked response activity of the brain (AER) which
can be identified through the utilization of the AER technique. This obser-
vation supports our previous work which indicated that AER activity in men is

measurably different from that in women.

Proposed Course of Project : 1. Additional studies demonstrating the specific
interrelationships of adrenocorticosteroids on sleep will be carried out to

define more critically the role of these hormones on different portions of

the sleep cycle and to relate the sleep cycle more closely to endogenous
changes in adrenocorticoid secretion.

2. Additional studies demonstrating the role of estrogen and progesterone
on AER activity will be carried out to define the role of these hormones on

the electrical activity of the brain. These studies will involve the measure-
ment of AER during the menstrual cycle and during the administration of estro-

gen and progesterone to patients with gonadal dysgenesis.

3. Sensory studies in patients with various metabolic and nutritional
disorders will continue to evaluate the roles these abnormalities play in the

obtaining of various types of sensory information.
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Objectives : To study the physiology, metabolism, biochemistry and pathology

of copper, zinc and other trace metals in physiological fluids and tissues of

normal subjects, in patients with various diseases and in animals. These

studies include the interaction between metals and their binding proteins.

Major Findings :

Biochemistry

1. Effect of zinc deficiency on the rat brain synaptosomal (Na + K )

ATPase activity and the uptake of norepinephrine (NE) and choline (Ch)

.

Zinc has been recognized as an essential element required for normal

growth. It is well established that zinc plays a vital role in the synthesis

of both DNA and RNA. Results of recent work from this laboratory are strongly

suggestive of an important role for zinc in the maintenance of normal taste

acuity in man. However, the mechanism of the mode of action of zinc in main-

taining normal taste acuity remains obscure. It appeared plausible that zinc

might influence taste acuity through interactions at the taste bud cell mem-
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bran a , at the neural level or both. Since (Na+ + K^ ATPase activity is

thought to be involved in some aspects of synaptic transmission^ in the uptake

of neural transmitter, and in the restoration of the resting potential of all

excitable membranes after depolarization we decided to investigate the effect

of zinc deficiency on brain synaptosomal (Na"^ + K"*^ ATPase activity and also

on the uptake of NE and choline. Table I summarizes the results of the studies.

It is evident that zinc deficiency resulted in no significant change in the

(Na"^ + K'^) ATPase activity of brain synaptosomes or in the uptake of NE or

Ch compared to the controls.

TABLE I

(Na+ + K+) ATPase
activity [imoles UPTAKE

Whole brain
weight (in gms)

P04/mg protein Cholineprotein
Cpm/mg

NE
Cpm/

protein
mg

CONTROL ZnDef. CONTROL, ZnDef CONTROL ZnDef. CONTROL ZnDef.

1.24 1.19 4.63 4.00 207760+ 168993+ 381838+ 229233+
8425 3975 40000 14591

1.09 1.05 4.81 4.45 200205+ 209486+ 373333+ 333730+
6420 21200 30710 4800

1.24 1.08 4.45 4.1 186128+ 240114+ 329804+ 333184+
8000 8650 35620 592.8

It is also significant to note that the brain weight of zinc deficient animals
were very little affected by zinc deficiency although there was a marked de-

crease in body weight.

2. Effect of zinc on adrenocorticosteroid production by rat adrenal
glands . Since carbohydrate active steroids are known to affect taste acuity,
it was important for us to investigate whether zinc could influence taste
acuity through an alteration in corticosteroid biosynthesis by the adrenal
glands. Rat adrenal glands were incubated with radioactive -^H-cholesterol
with and without known amounts of zinc. Previous studies with copper had
established a role for copper in the biosynthesis of corticosteroids and pro-
gesterone from cholesterol by rat adrenals. The results summerized in Table
II indicate that added zinc ion elicited no noticeable change in the rate of
synthesis of pregnenelone or corticosterone by rat adrenals.

TABLE II

ZINC CONCENTRATION
mM

PREGNENELONE
7o control synthesis

CORTICOSTERONE
7o control synthesis

0.02
0.06
0.20

100

98+5
101+4
100+5

100

97+5
102+5
103+5

3. Effect of copper on pregnenelone and corticosteroid production by

rat adrenal glands . Previous work from this laboratory established a role
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for copper in the biosynthesis of progesterone and corticosteroids from cho-

lesterol by rat adrenal glands. This was attributed to the requirement of a

copper dependent A^ . 3 ketosteroid isomerase. To further establish the

specific role of copper^ the formation of pregnenelone and corticosterone

from quartered rat adrenals with and without added copper ions were investi-

gated. For this purpose rat adrenal slices were incubated with radioactive

cholesterol. Experiments were also conducted with adrenal homogenates. In

Table III are summerized the results of the studies

TABLE III
QUARTERED ADRENALS HOMOGENATES

Copper concentration Pregnenelone corticosterone Pregnenelone Corticosterone

mM 7o control synthesis "L control synthesis

100 100 100 100

0.02 100 150 100 100

0.06 100 550 100 32

0.20 100 120 100 20

These results confirm the role of copper in corticosteroid biosynthesis

through the activation of the soluble fraction of the A-' ketosteroid-copper
dependent enzyme system. The apparent inhibition of corticosteroid production

with homogenates is probably due to copper poisoning resulting from protein

denaturization.

4. Role of copper with biosynthesis of androgenic steroids by rat testic -

ular tissue . The existence of a copper dependent A-^ ketosteroid isomerase

indicated an important role for copper in steroidogenesis through its control

of the rate of synthesis of several hormones of the gonadal system. For ex-

ample since copper stimulated progesterone secretion in isolated adrenal

glands and since this hormone is a precursor of androgen formation^ the role

of copper in testicular function seemed important. To obtain a better under-

standing of the role of copper in the biosynthesis of the hormones of the

gonadal system the effect of copper in the biosynthesis of progesterone^ preg-

nenelone^ dihydroepiandrosterone and testosterone by rat testicular tissue

was studied.

Testicular tissue obtained from normal rats was incubated with radio-

active cholesterol in presence of added copper. The results are summarized

in Table IV.

TABLE IV

COPPER Progesterone Testosterone

mM Cpm/mg protein Cpm/mg protein

104 2957

0.02 96 2438

0.06 125 2054

0.20 102 1263
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The results indicate that copper ion j^ vitro inhibited testosterone
production. However there was an increase in progesterone formation. The
latter observation is significant in view of the fact that the predominant
pathway in testosterone biosynthesis from cholesterol is through 17-OH preg-
nenelone and copper inhibited testosterone biosynthesis probably by blocking
this step. The enhancement of progesterone formation by copper in the testis
further confirms its action on the ^-' ketosteroid isomerase. These data
suggest that copper might also influence estrogen biosynthesis by the ovaries
and work is in progress in this direction. Also the production rate of preg-
nenelone and dihydroepiandrosterone (DHEA) from radioactive cholesterol by

rat testicular tissue is currently being investigated.

Physiology

1. Distribution of zinc in blood. Macromolecular and micromolecular
ligands . Zinc in human plasma is operationally divided into two pools, one
pool which rapidly equilibrates with injected or ingested zinc and one which
slowly equilibrates rn vivo ; i.e., a pool which loses zinc by dialysis vs

relatively modest concentrations of chelating agents or hydrogen ions and a

pool which tenaciously retains zinc. The strong zinc ligand has been tenta-
tively identified to be a2~'^3croglobulin(s) . [There are several enzymes and

other proteins in serum which account for a very small amount of the total

serum zinc and these also probably are non-exchangeable zinc ligands,] Albumin
has been hypothesized to be the sole macromolecular serum ligand of exchange-
able zinc. Other workers agree that human serum albumin (HSA) complexes zinc
in serum but claim several other proteins also bind zinc under their experi-
mental conditions. Data from our studies suggest that these non-albumin ex-
changeable zinc protein complexes are artifacts. Physiologically it is the

exchangeable trace metal pool in serum which is representative of the dy-

namically important trace metal pools. It is an exchangeable protein-metal
complex which is involved in metal transport from gut to plasma^ plasma to

liver, plasma to tissue and from plasma to renal excretion. Non-exchangeable
protein-metal complexes certainly exist but involve such a high affinity that

the physiological role of the metal may be at a minimum.

2. Competition for zinc among serum albumin and amino acids . Amino
acids appear to be the most important non-protein zinc ligands in serum and
are considered by some workers to facilitate transmembrane transport to trace
metals. Competition for zinc among HSA and various amino acids was studied
by gel chromatography. The effectiveness with which amino acids compete with
human serum albumin for zinc was shown to depend upon the relevant metal com-
plex stability constants and a stability constant at pH 7.4 for the 1:1 zinc-
HSA complex was determined. Computations involving stability constants in-

dicate that cysteine and histidine are the only important amino acid ligands
of zinc in plasma. The amount of amino acid-complexed zinc in normal human
serum is calculated to be 1 |j.g of zinc per 100 ml, if albumin-complexed zinc

(the exchangeable pool) accounts for 2/3 of total serum zinc. Table V il-

lustrates the loosely bound zinc distribution among serum ligands , The
small ligand-complexed fraction in plasma probably accounts for most urinary
zinc excreted in normal and pathological conditions. Normally HSA is under-
saturated with zinc the concentration being approximately 50 uM.
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3. Kinetic equivalence of albumin-metal complexes and exchangeable
serum cadmium, copper and zinc . Previous attempts to identify serum ligands
which loosely bind trace metals involved fractionating serum proteins into
metal-containing and metal-free species. These methods suffer the draw-back
that the fractionation technique may itself induce formation of spurious
metal-protein complexes. In addition^ some workers loaded sera with trace

metals before fractionation to compensate for insufficiently sensitive ana-
lytical techniques. Results from such experiments may not reflect the normal
situation. In the present studies protein fractionation has been avoided and
the dynamics of exchangeable trace metals in serum has been studied directly.
In these studies exchangeable serum pools of cadmium^ copper and zinc were
labeled with the appropriate radioisotope (lO^cd "^Cu^ 65zn) . A solution of
human serum albumin was similarly labeled. The effectiveness with which var-
ious amino acids strip the trace metal from the macromolecular component (s)

was studied by a gel chromatography technique. These experiments are still
in progress^ but results obtained so far indicate that the macromolecular li-

gand of exchangeable serum zinc is kinetically equivalent to human serum al-

bumin. For example, under the experimental conditions utilized 77.1 + 3.87o

of the control amount of exchangeable zinc is complexed by serum macromole-
cules in the presence of 0.1 M glycine, while 86,4 + 3.57o of the appropriate
control amount is albumin-bound; in 1 M glycine the values are 36.6 + 3.87o

zinc which is protein bound for serum and 36.8 + 3.57o for albumin. Albumin
is the accepted exchangeable copper-binding protein in serum and preliminary
results confirm kinetic equivalence. All serum cadmium is expected to be al-
bumin complexed, since no naturally occurring serum cadmium metalloprotein
has yet been identified. Once kinetic identity is established results ob-

tained from simple albumin systems can be extrapolated with confidence to

characterize in vivo metal dynamics.

4, Trace metal ligands in urine . A frontal analysis technique was used
to examine three normal urines, two urines from patients treated with high
dietary levels of histidine, one urine from a patient with acute intermittent
prophyria and one ersatz urine of various salts. The technique characterized
macro- and micromolecular components and to some extent, characterized the
equilibrium distribution of any component between two or more species in so-

lution. Amino acids, total nitrogen, phosphate, carbohydrate, sodium, cad-
mium, calcium, copper, iron, manganese, nickel and zinc were studied. The
analyses carried out by gel chromatography are not yet completed, but pre-
liminary results indicate that virtually none of the metals is bound by
urinary macromolecules; the likeliest metal ligands are conjugate bases of
organic and inorganic acids. These studies have relevance to metal handling
by the kidney and to mechanisms of stone formation.

5. Distribution, absorption and excretion of Zn°^ in patients with
various forms of malabsorption in patients with idiopathic hypogeusia and in

patients with porphyria . Because the symptoms of hypogeusia anorexia, hy-
posmia, dysgeusia and dysosmia were observed in patients with malabsorption,
idiopathic hypogeusia and porphyria and since these symptoms were usually
alleviated by administration of zinc, studies of zinc metabolism were initi-
ated in these patients. Examination of serum concentrations of zinc in these
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patients indicated that these levels were lower than normal. In patients

with porphyria and idiopathic hypogeusia urinary excretion of zinc was ele-

vated above normal while in patients with various types of malabsorption

urinary excretion of zinc was significantly lower than normal. In order to

investigate these abnormalities in zinc metabolism the absorption^ distribu-

tion and excretion of Zn^^ was studied in patients with each of these diseases

under conditions of controlled dietary and fluid intake and controlled envi-

ronmental activity. Results of these studies are exemplified by studies car-

ried out in 2 patients with porphyria. In this disease total body zinc ap-

pears to be less than normal (hair zinc levels are low as well as serum zinc

concentrations); absorption of the tracer is about 87o of the dose and the

excretion occurs at the rate of about 17o a day for the first 30-40 days of

the study. Administration of a load of ZnSO^ (100 mg elemental zinc daily)

resulted in a small, transient increase in the excretion of the tracer. Ad-

ministration of a load of histidine (8-24 gm daily) resulted in a progressive,

persistent increase in the excretion of the tracer in urine, and a significant

increase in the rate of loss of total body zinc (from a t]3]^/2 of 76 days to a

'-bl/2 °f ^^ days). Discontinuation of the histidine resulted in an abrupt re-

turn of urinary zinc excretion to prior levels and a return of total body zinc

loss to the prior rate.

Absorption of zinc in patients with malabsorption suggested that less

than 107o of the administered dose was absorbed and further studies suggested

that this malabsorption of zinc may be related to the lack of free gastric

acid in the patients studied. Hair zinc concentration was significantly be-

low normal levels in each patient studied.

Absorption of zinc in patients with idiopathic hypogeusia also suggested

that less than 107o of the administered dose of Zn"^ was absorbed but whether

this is related to malabsorption per se is not yet clear.

6. Zinc abnormalities in patients with carcinomatosis . Several patients

have been identified in the past few months with various forms of malignancy

who exhibit anorexia hypogeusia, hyposmia, non-healing wounds, lower than

normal serum concentration of zinc and alterations from the normal pattern of

urinary zinc excretion. Serum zinc concentrations in these patients vary from

IB^g/lOOml - 60iig/100 ml, the normal level being 100|j.g/100 ml (range 70-llOp.g/

100 ml). Administration of zinc to some of these patients has been efficacious

in relieving these symptoms, aiding in their wound healing and apparently use-

ful in correcting their anorexia thereby allowing them to eat and gain weight.

7. Histidine-metal complexes in man . Zinc metabolism was studied in

five patients with scleroderma and in three normal volunteers on and off

histidine, given for 2-day periods, in doses of 8,16,32,48, and 64 g (patients)

and 8,16, and 32 g (volunteers). In patients, serum zinc (mean + SEM, |ig/100

ml) decreased directly with histidine administration (base line 82 + 8; 32 g,

71 + 6; 64 g, 50 + 3) whereas urinary zinc excretion (mean + 1 SEM in p.g/24 hr)

increased (base line 402 + 25; 32 g, 2552 + 513; 64 g, 8490 + 408). In volun-

teers, serum and urinary zinc exhibited similar changes. With withdrawal of

histidine a gradual return toward normal occurred in serum and urinary zinc,
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hypogeusia^ anorexia^ and hyposmia. Zn"*"*"^ 100 mg given orally during admin-
istration of 64 g histidine^ returned hypogeusia and hyposmia to normal with-
in 8 hr. Zinc in serum is complexed primarily with macromolecular species

(qIo - macroglobulin and albumin) but also with micromolecular species (histi-
dine and cysteine). In vitro , increased histidine concentrations strip Zn"^
from Zn"*"*"- albumin complexes forming Zn"*"*" histidine complexes. These studies
suggest that this ligand shift can occur in vivo as well as in vitro and is

associated with hyperzincuria^ subsequent hypozincemia^ and depletion of zinc
from receptor sites in gustatory and olfactory systems.

8. Abnormalities of zinc and copper metabolism in acute viral hepatitis .

Patients with acute viral hepatitis were found to have decreased serum con-
centrations of total zinc^ increased serum concentrations of diffusible zinc
and increased urinary zinc excretion. As the illness subsided serum concen-
trations of total zinc rose to normal^ serum concentrations of diffusible zinc
fell to normal and urinary zinc excretion decreased. Total serum zinc con-
centration was related inversely to serum diffusible zinc and directly to

plasma levels of retinol-binding protein (RBP) and total protein. Serum dif-
fusible zinc was inversely related to plasma RBP and total protein and direct-
ly to plasma bilirubin and serum copper. The changes in serum and urinary
zinc may be related to shifts in the binding of zinc by serum proteins. Total
serum copper concentrations were normal in the early^ acute phase .of this
disease but increased to greater than normal levels as the illness subsided.
This increase was accounted for entirely by increases in the concentration
of ceruloplasmin copper.

Significance :

1. Copper and steroidogenesis. These studies indicate that copper is

involved not only in the control of corticosterone secretion by the adrenal
gland through its action in the A -'-3 ketosteroid isomerase but also in the
regulation of progesterone secretion by the adrenal gland and by the testis.
These results indicate a role for copper in steroidogenesis heretofore un-
recognized.

2. Metal- protein interactions. We have suggested that the important
physiological protein by which zinc^ and perhaps also copper^ cadmium and
nickelj is normally carried in serum is through the binding of the metals to

albumin. Any physiological or pathological agent of small molecular weight
which can strip these metals from albumin would therefore result in metal
depletion if its presence were prolonged since these small molecular weight-
metal complexes readily pass the renal glomerulus and would be excreted in

the urine. Histidine is the most effective of these agents in producing this
effect both in vitro and in man and has resulted in a profound depletion of
zinc and a defineable zinc depletion syndrome. This syndrome can be clearly
identified retrospectively secondary to the correction of these abnormalities
through the simultaneous administration of both histidine and zinc.

3. Zn and zinc administration studies in man. Results of these studies
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suggest that free gastric acid may be important for the normal absorption of
zinc. ZnS04-histidine studies suggest that zinc in the body is bound in at

least two pools^ one which is freely exchangeable with zinc itself and one
which is much more tightly bound and which is depleted by the administra-
tion of histidine. Malabsorption of fat and other food stuffs appears asso-
ciated with malabsorption of zinc. Zinc therapy in some patients with car-
cinomotosis may be efficacious in correcting their anorexia and taste ab-
normalities by correcting their underlying abnormalities of zinc metabolism.

Proposed Course of Project : Kinetic studies are in progress to define quan-
titatively the role of albumin-metal interactions in serum for the metals
zinCj copper^ cadmium, nickel and lead. The role of copper and of zinc on
steroidogenesis by the testis and the ovary will be examined. Studies with
Zn"-' in patients with various abnormalities of zinc metabolism will continue
so that we may define the characteristics of zinc absorption distribution
storage and excretion. Zinc studies in patients with various forms of malig-
nancy and other disease states will continue to evaluate critically what role
these abnormalities and therapy with zinc may play in several pathological
states.

Honors and Awards: None

Publications

:

1. Giroux^ E. L, and Henkin, R.I.: Competition for zinc among serum
albumin and amino acids. BBA 1972 (In press).

2. Henkin, R.I. and Smithy F.R. : Zinc and copper metabolism in acute
viral hepatitis. Amer. J. Med. Sci. 1972 (In press).
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Project Description:

Objectives : To investigate in a systematic manner the anatomical,
physiological, pharmacological and pathological correlates of
taste and olfaction.

Major Findings : Taste

Anatomy . In order to understand the physiology and biochemistry
of taste, knowledge of the taste receptors of any vertebrate or
invertebrate is important but at present our knowledge is rudimen-
tary. In order to identify and specify the taste receptors we
have undertaken the study of the ultras tructure of the taste buds
in circumvallate papilla of man, the chemoreceptor organ of the
blowfly, supposedly sensitive mainly to sweet solutions and the
chemoreceptor organ of a nematode.

During the past year a major effort has been placed on the com-
parative anatomy of the taste apparatus of vertebrates and inverte-
brates in order to provide clues as to which of the several anatom-
ically identifiable structures in the human taste bud contribute
to chemoreception and can be identified as the receptor cells.

To this end detailed electron microscopic investigations of the
labellar contact chemoreceptors of the blowfly, Phormia regina
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have been undertaken. These are especially significant since a

substantial literature exists on the physiology of chemoreception
in these animals. The basic anatomy of such chemoreceptors is a

modified ciliary process which consists of a kinetosome at the
axon hillock and a variable number of microtubules within a mem-
branous projection which extends to the distal pore in the chitinous
covering of the labellar contact chemoreceptor . We have identified
at least 4 types of such receptors but have concentrated our in-
vestigation on a single type which consists of 5 sensory cells
(4 chemoreceptor and 1 pressure receptor) with 4 dendritic pro-
cesses in one of the two chambers of the hair. From physiological
studies it is known that a generator potential originates at the
distal pore and an action potential is derived therefrom at the
axon hillock. The ultras tructural correlates of these physiolog-
ical responses are respectively the distal ciliary process in the
pore (generator potential) and the kinetosome with attached stri-
ated rootlet at the dendritic isthmus or axon hillock (action
potential)

.

In addition, detailed ultras tructural studies on the amphids
(contact chemoreceptors) of the nematode Caenorhabditis elegans
have been undertaken in conjunction with other collaborative
studies. The amphids are paired, lateral structures opening to
the external environment by two anterior pores. They consist of
10 modified ciliary structures which terminate proximally in rudi-
mentary kinetosomes, again anatomically corresponding to the axon
hillock of the blowfly. The complete pattern of the nerve distri-
bution is being systematically studied by another laboratory.
Likewise a variety of genetic mutants of this nematode are being
evaluated for chemoreceptors defects for future study. A reliable
system of evaluating chemoreceptor response is available and is
employed in one of the collaborating laboratories in NIAID

.

Perhaps the simplest chemoreceptor system available for study
at this time is sperm. An unidentified chemical, generated by
the female reproduction system of a hydroid has been shown to pro-
duce a definitive chemotactic response in the sperm. Of interest
is that such sperm have been studied in detail in our laboratory
and represent the simplest chemotactic system yet found. The sperm
consists simply of a highly, condensed nucleus, a ring of 4-7 pos-
terior mitochondrion and a flagellar apparatus with the kinetosome
lying within the ring and attached by transitional fibers to the
cell membrane and by other connections to the mitochondria. Thus
the chemotactic apparatus is represented by one or more of these
simple structures.

These comparative ultras tructural studies, as well as numerous
others in the field of olfaction, have left little doubt that prim-
itive cilia somehow have evolved in such a way as to provide not
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only an efficient locomotor system -from protozoa to man- but also
have been modified to play poorly understood roles in vision, ol-
faction some tactile organelles, as well as taste and smell.

The ciliary nature of the mammalian taste bud is perhaps the
least obvious. In fact, only the type 1 cells have kinetosomes
which are located ne.ar the pore and microtubules are not dominant
structures in the finger-like projections which protrude into the
pore, and perhaps through it. In lieu of microtubules fine fila-
ments fill the finger-like projections of taste buds in mammals.
However in view of the structure of microtubules which are known
to consist of a ring of 12-14 fine filaments and in view of known
systems in which microtubular fine filament transitions have been
described, these fine filaments may in fact be the structural
homologues of microtubules of the more primitive systems. This
then points to the type 1 cell with its neurosecretory granules
and distal kinetosomes as playing an important role in contact
chemoreceptor (taste) in man. However this does not exclude the
type II or III cells as also playing such a role, but this concept
provides a working hypothesis which is amenable to experimental
verifi cation.

Physiology . 1. Saliva. Saliva has been shown to be important
as a factor in the control of taste acuity in man. In patients
with Sjogren's syndrome in whom salivary secretion is markedly
reduced or absent taste acuity is significantly depressed. Indeed
there was a positive correlation between volume of saliva and
taste acuity in 29 patients with Sjogren's syndrome and in 5 pa-
tients with xerostomia for other reasons who we have studied at
the NIH over the past 4 years. Taste buds in these patients were
either destroyed or grossly abnormal in anatomical structure,
particularly in the area of the pore. Oral administration of
several fluids, mainly aqueous in nature, was unsuccessful in re-
storing taste acuity to normal. However, treatment in 2 patients
with Sjogren's syndrome with cyclophosphomide and in 1 with irra-
diation, which resulted in the return of salivary flow toward or
to normal, was associated with the return of taste acuity toward
or to normal. In the 2 patients with Sjogren's syndrome in whom
treatment with cyclophosphomide did not alter their lowered sa-
livary flow no change in taste acuity occurred. These studies
suggest that some factor(s) in saliva is important for the main-
tenance of normal taste acuity, either directly or indirectly.

2. Metals. Previous studies in our laboratory indicated that
zinc was an important factor in the regulation of taste acuity.
However, the locus of action of this metal could not be identified
although it was found in the area of taste buds in the vallate
papilla of rats. In an effort to define this locus more precisely,
taste acuity in zinc deficient and pair-fed rats were studies and
measurements of electrical activity of the chorda tympani nerve
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recorded in response to a graded series of salt, sweet, sour and
bitter solutions. Results from these studies indicate that zinc
deficient rats exhibit hypogeusia when their responses were com-
pared to those of pair-fed rats in a two bottle preference test.
However, electrical activity at the chorda tympani nerve was the
same in both groups of rats.

In another series of experiments 6 Sprague-Dawley pregnant
female rats at term were placed on a zinc supplemented test diet
(Luecke, General Biochemicals ) . On day 10 post-delivery, 3 of
the mothers were placed on a zinc deficient test diet. On day
20 post-delivery, the weanlings were separated and the males in-
dividually housed in metabolism cages. Twelve rats from the
mothers on a zinc deficient diet were maintained on zinc defi-
cient diet: 10 controls from the mothers on a zinc supplemented
diet were maintained on a zinc supplemented diet. At this time
the animals were presented with 0.30 M NaCl on the regular schedule.
Food intake was measured daily and was available ad^ libitum . On
day 32 post-weaning the animals were sacrificed and tissues and
blood were collected. The serum was analyzed for zinc and copper
and the other tissues frozen for future analysis. Significantly
greater preference for 0.30 M NaCl was exhibited by those rats
on the zinc deficient diet, compared to the controls.

The previous experiment with pregnant female rats at term was
then repeated except that all mothers were maintained on lab chow
pellets until the pups were weaned. Ten weaned males were then
housed individually and given weighed quantities of a zinc defi-
cient diet. Nine males were housed individually and pair-fed on
pelleted lab chow. Testing with 0.30 M NaCl was conducted on the
usual schedule. Six additional males were maintained on a zinc
deficient diet, and 6 controls were maintained on lab chow ad
libitum . Urine was collected once weekly from these animals and
analyzed for copper and zinc. On day 31 post-weaning the animals
were sacrificed and blood, brains and tongues collected. The
blood was analyzed for zinc and copper and the other tissues frozen
for future analysis. Preference behavior was found to parallel
that of the previous experiment; i.e. , pair-fed controls exhibited
normal preference for 0.30 M NaCl, even though they showed signs
of starvation while rats fed a zinc deficient diet exhibited an
increased preference for NaCl.

Cycling in food consumption (greatly reduced intake every 3-5

days) of the zinc deficient food was observed in both experiments.
This phenomenon has been attributed by Mills et al . to the zinc
deficient animals lessened ability to catabolize the proteins in
the food, requiring a lag period during which the enzyme systems
required can reach the necessary levels.

Urinary zinc and copper levels indicated that the zinc deficient
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animals had significantly lower urinary zinc levels than pair-fed
controls starting on day 4 of the diet and throughout the course
of the experiment. These levels were 19-24 ijg/24 hour urine com-
pared with 35-65 yg/24 hour urine sample for the pair-fed controls.
No differences in urinary copper levels were observed.

In another experiment 6 male , 140 g rats , and 6 controls of
the same Sprague-Dawley strain were given a choice between 0.30 M
NaCl and water on the usual testing schedule. The 6 experimental
rats were placed on the zinc deficient diet, pair-feeding was be-
gun and 24 hour urine samples were collected weekly. Increased
preference over control levels occurred in the rats on a zinc
deficient diet during the second week on this diet and continued
to increase for the duration of the experiment. However, the
production of other signs of zinc deficiency in these rats, e.g.,
cycling in food intake, alopecia and the appearance of reddish
coloration on some parts of the body, was not observed in any of
the animals after 10 weeks of feeding on the zinc deficient diet.
Urinary zinc levels were significantly lower in the rats on the
zinc deficient diet after the fourth week of the experiment.

3. Proteases. Proteases are among the enzymes usually found
in the oral cavity. Previous work from our laboratory has in-
dicated that placement of various proteases in the oral cavity
of man was associated with decreased gustatory acuity. In an
effort to define this effect more precisely pronase was placed
on the lingual surface of 8 rats in whom the chorda tympani nerve
had been exposed and its electrical activity recorded in response
to a graded series of salt, sweet, sour and bitter solutions.
Similar studies were also carried out in each rat with the place-
ment of the same amount of buffer solution in which the pronase
was kept. Results from these studies indicated that pronase in-
hibited the activity recorded at the nerve approximately 50% for
concentrations of NaCl less than 0.05 M whereas at concentrations
of 0.10 M and above there was a slight enhancement of activity.
These results are consistent with the concept that pronase directly
applied to the tongue produces an abnormality of the protein of
the receptor membrane such that low concentrations of tastants
which normally elicit a taste response no longer do so.

Chemis try

The isolation of membranes of the sensory cells of the taste
bud and the characterization of their chemical composition.
The available electrophysiological, anatomical, histological and
biochemical evidences indicate that the mechanism of tastant-
receptor complex is specific and involves the binding of the tas-
tant to the receptor at the membrane of the sensory cell(s) of the
taste bud. Previous attempts to define this mechanism has resulted
in failure due to contamination of the preparation with cell
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organelles, epithelial tissue and non-specific cellular elements
obtained by homogenization either the whole bovine epithelial
tissue or total circumvallate papillae. This has produced con-
fusing data and interpretation on the initial molecular inter-
action of tas tant-receptor complex.

In order to obtain a homogeneous isolation of sensory receptor
cells control degradation of circumvallate papillae have been
achieved by initial hypotonic swelling of the bovine circumvallate
papillae for 1/2 hour, pressurized under nitrogen at 900 p.s.i.
for 5 min. (x 2), then homogenized in isotonic sucrose buffer,
pH 7.4, with a motor driven teflon pestle and a Pyrex loose tube
for 1 min at 4°C (x 3). This procedure affords about 70% total
release of the microvilli and cell plasma membranes from the taste
bud cells of the circumvallate papillae, as determined by both
electron microscopy and phase contrast microscopic analysis. The
buffered medium was then filtered through two layers of nitex
screen, and the filtrate containing the microvilli, cell plasma
membranes, cellular organelles, and broken epithelium tissue, was
subjected to differential centrifugation by standard procedures.
The nuclei and microsomal precipitates were subjected to isopycnic-
zonal centrifugation using a discontinuous sucrose gradient of
20-55% sucrose. One fraction with density 1.1926 was evident in
the nuclei fraction, and two visible fractions with densities
1.1563 and 1.2001 were evident in the microsomal fraction. The
plasma membranes (density 1.1563, 1.1926) appeared by phase con-
trast microscope to be free of nuclei, mitochondria, lysosome,
microsome, dense bodies, or other recognizable cellular elements.

Bovin
above wa
isolatio
circumva
buds and
for prot
sialic a

Mg-ATPas
chrome-C
esterase
table, M

tion han
pellet f

thelial
preparat

e epithelial tissue surrounding the excised papillae used
s used as a control and it was subjected to an identical
n procedure and chemical characterization as for the
Hate papillae. Analysis from both membranes from taste
membranes from the surrounding epithelium were analyzed

ein, DNA, RNA , phospholipid, cholesterol, N-acety Ihexosamine

,

cid, total hexoses content; and on estimation of Na-K-ATPase,
e, alkaline phosphatase, 5

' nucleotidase , succinic-cy to-
-reductase, glucose-6-phosphatase , acid phosphatase and

Data from these studies are shown in Table I. In this
2 indiates the membrane fraction, E2 the epithelial frac-

'2' ^3 ^""^ ^4 indicate variousdied in the same fashion
ractions obtained from the homogenized membrane and epi-
fractions. S^, a supernatant fraction from these same
ions .
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The degree of purity of the plasma membranes from the membranes
of the taste buds was shown by the increase in specific activity
of the alkaline phosphatase over the cellular homogenate by 20-
fold in the microsomal fraction and 3-fold in the nuclear fraction.
An Na-K-ATPase, 5

' nucleotidase and esterase were found in the plasma
membranes, giving a 3-fold, 1-fold and 8-fold purification in the
nuclear fraction, and 2-fold, 5-fold and 11-fold increase in the
microsomal fraction (Tables II and III) . The absence of mito-
chondria, microsomes and lysosomes f rom the plasma membrane frac-
tions was revealed by the failure to detect succinic cytochrome-
C-reductase , glucose-6-phosphatase and acid phosphatase. The
plasma membranes were characterized by a high molar ratio of
choles terol/phospholipid (.900 for nuclei fraction and 1.034
for the microsomal fraction) . A protein/lipid ratio for nuclei
fraction was 1.56 and for microsomal fraction was 3.087. Neither
fraction contained appreciable amount of RNA and DNA , but both had
cholesterol, hexosamine, sialic acid and N-acety Ihexosamine . Dif-
ferences in enrichment in several enzymes upon comparison of frac-
tions from membranes of taste bud cells and epithelium were ob-
served. These differences indicated that enrichment of alkaline
phosphatase, 5

' nucleotidase , non specific esterose in membranes
from taSte bud cells and other membrane enzyme was 4-8 times that
found in membranes from epithelial tissue (as determined by rela-
tive specific activity)

.
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TABLE II Chemical Composition of Fractions Obtain During the
Fractionation of Bovine Vallate Papillae and Epithelium*

2 B ^4 B

P-Lipid
Phosphorus

Cholesterol

Total Hexose

Hexosamine

Sialic Acid

DNA

RNA

M2- 58 . 18 149 .03 78.. 26

E2- 8 .09 19..9 16.. 16

^2" 26,. 39 74 .90 13 .. 37

E2- 11,.11 19.. 47 10,.92

M2- 12 ,. 78 1..06 19 ,.60

E2- 14..69 3.. 22 3,.76

M2- 13..08 29 ..49 12 ..83

E2- 5.,05 2.. 58 12 ,.14

^2- .696 1,.663 1.. 212

E2- ,144 .258 . 364

M2- 13..19 6 ..56 9..86

E2- 1..06 1..18 1..87

^2- 90.,00 67..90 87.,70

Eo- 5.,50 17,,60 1., 40

yg/mg protein

M2 - Bovine vallate papillae

E2 - Bovine epithelium
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TABLE III The Chemical Composition of Fractions Obtained During
the Fractionation of Bovine Papillae and Epithelium

Protein
(mg)

Mo-

"2 B ^4 B D

, 168 .059 .068

.021 .041 .045

.107 .019 .031

.037 .046 .034

.00027 .00061 .00033

.00014 .00017 .00019

.00030 .00059 .00096

.00028 .00035 .00030

Lipid
(mg) E2-

M2-
Choles terol
(mole) E2-

M2-
P-Lipid
(mole) E2-

Protein
Lipid M2- 1.565 3.087 2.171

(Wt/Wt) E2- .568 .891 1.316

Choles terol
P-Lipid M2- .900 1.034 .344
(mole/mole

)

^2~ .500 .486 .633
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Pharmacology

Many drugs alter taste acuity. In an effort to evaluate the
role which drugs play on taste acuity rats were treated with
various agents in an effort to understand more about the inter-
action between drugs and taste acuity and to learn more about the
basic mechanisms of taste.

1

.

Effect of PCPA (p-chloro-pheny 1 alanine) on preference for
NaCl in normotensive Sprague-Dawley rats . Numerous investigators
have reported that PCPA affects the consumption of alcohol, sac-
charin, dextrose and quinine in rats, such that reduced consumption
occurs with wine and alcohol, while an increase has been observed
in the consumption of saccharin and dextrose.

Six Sprague-Dawley male adult rats and 6 controls of the same
strain, were pre-tested on the normal schedule with 0.30 M NaCl
and water. Saline injections were then administered I. P. daily
for 4 days to the animals, while 0.30 M NaCl was offered. The
following week PCPA (100 mg/kg) was administered I. P. for 4 days
on the same test schedule. The animals were then subjected to
a post-injection test period.

No differences were observed in the preference behavior of
either group of rats during any test period.

2

.

Effect of sodium depletion by furosemide (Lasix) on pref -

erence for NaCl in normotensive Sprague-Dawley rats . Six Sprague-
Dawley adult male rats and 4 controls of the same strain were pre-
tested as previously described, with 0.30 M NaCl and water. The
6 experimental rats were then injected I. P. with Lasix (50 mg/kg)
daily for 6 days and the controls received saline injections for
6 days. 0.30 M NaCl was offered continuously for 12 days.

Although a substantial nattiresis was observed in the Lasix in-
jected rats which continued up to the 6th day post injection
(day 12) , as compared to controls, no difference in preference
for 0.30 M NaCl was recorded between the two groups of animals.

3

.

Effect of Ildamen on preference for NaCl in normotensive
Sprague-Dawley rats. Ildamen (Chemiewerk, Homburg , Frankfurt/
Main, Germany) is a drug reported to produce hypogeusia in some
patients to whom it has been administered. In order to evaluate
the possible geusatoxic effects of this drug 9 Sprague-Dawley
male adult rats were housed individually and offered lab chow
plus 15% dextrose for a three day control period. 0.30 M NaCl
was then offered during a normal 4 day-3 day test schedule.
Ildamen (10 mg/day/rat) was then mixed with the dextrose-chow
for 4 rats, and 4 controls received no drug, for 10 days. 0.30 M
NaCl was offered throughout the first 6 days followed by 0.45 M
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Nacl for the succeeding 6 days.

No significant differences in preference for either salt solu-
tion were observed between the rats receiving Ildamen, and the
controls

.

4 . Effect of dextrose on preference for NaCl in normotensive
Sprague-Dawley rats

.

During the course of various experiments
carried out in this laboratory, it has been observed that the
addition of dextrose to laboratory chow increases the preference
for 0.30 M NaCl in Sprague-Dawley rats.

Six male adult Sprague-Dawley rats and 6 controls of the same
strain were tested on the normal 4 day-3 day test schedule with
0.30 M NaCl with concentrations of dextrose added to lab chow of
60%, 50%, 40%, 30% and a second group of rats was given 5%, 10%
and 15% dextrose, on weekly bases. The first group of animals
showed a significant increase in preference for the salt solution
with every concentration of dextrose, and this increased preference
was maintained for 3 weeks after the cessation of dextrose addition
to the chow.

The second group of animals was exposed continuously to 0.30 M
NaCl choice, and a small increase was observed when 5% dextrose
was added, with a substantial increase with 10% and 15% which was
maintained for 9 days thereafter.

The mechanism for this "dextrose effect" on salt intake is under
investigation.

Pathology

We have been made aware of many people in the population of the
U.S. who have acquired abnormalities of taste either spontaneously
or following influenza or some surgical procedure. This has oc-
curred subsequent to the publication of the article "Idiopathic
hypogeusia with dysgeusia, hyposmia and dysosmia". During the
period from April 1, 1971 to April 1, 1972 we have received 904
letters from patients with abnormalities of taste and letters from
1512 physicians who informed us that they were seeing patients
with disorders of taste and wished more information about this
abnormality. In addition I have spoken on the telephone with an
additional 113 physicians who had patients with taste abnormalities
and wished for assistance in evaluation and treatment of this dis-
order .

Because of this need the first Taste and Smell Clinic has been
established here at NIH. During this past year we have had 1128
patient visits to this clinic and we have seen 148 new patients.
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The Taste and Smell Clinic consists of a two day outpatient
visit during which the following pattern is followed:

(1) History and physical examination with specific reference to
gustatory and olfactory systems.

(2) Determination of gustatory and olfactory acuity and function
by measurement of (a) detection and recognition of tastants and
odorants (b) forced scaling for 4 taste qualities (c) dysgeusia
and (d) hyposmia.

(3) Measurement of substances in blood and urine which are known
to alter taste acuity in man.

(4) Roentgenographs of chest, skull and sinuses including a

mid-sinus tomogram.
(5) Brain scan via injection of Technicium (Tc) . This test

has allowed' us to identify a pathological accumulation of Tc
in the nasal area of approximately 50% of the patients with hy-
posmia due to an accumulation of Tc in the area of the nasal mucous
membrane or the olfactory epithelium.

(6) Audiogram
(7) ENT examination
(8) Biopsy of nasal mucous membrane. This examination has

allowed us to identify, in patients with various types of hyposmia,
specific abnormalities related to changes in various structures of
the membrane. These changes are quite diverse, yet appear specific
for hyposmia produced by specific pathological processes; e.g.,
Sjogren's syndrome, Wegener's granulomatosis, etc.

Subsequent to this examination, the patient is seen on another
occasion and then assigned to a single or double blind study to
measure the efficacy of either zinc sulfate or Vitamin A in the
treatment of these disorders

.

At present 72 of the 108 patients enrolled in the double blind
study have completed the study and the remainder of the patients
will complete this by the end of May 1972.

Because of the interest in this problem at the NIH, consultation
requests from other services have been sent to our unit to eval-
uate taste acuity in approximately 150 patients during the past
year. Treatment has been initiated in several of these patients
by the patient's own physicians subsequent to the documentation
of their taste loss.

Histidine induced anorexia, hypogeusia and hyposmia.

Hypogeusia and hyposmia followed administration of oral histi-
dine (16-64 gm daily) in 5 patients with scleroderma and in 6 nor-
mal volunteers. Hypogeusia usually occurred after the develop-
ment of hyposmia and could be demonstrated for each of 4 taste
qualities. Preceding or concomitant with the hypogeusia was the
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development of anorexia. Administration of zinc corrected the
hypogeusia, hyposmia and anorexia within 12 hours of its adminis-
tration (100 mg Zn++ daily) in spite of the continued administra-
tion of histidine.

The mechanism by which these phenomenon occur have been re-
lated to the action of histidine on the zinc albumin complex,
which is probably the normal physiological zinc carrying protein
in serum. Histidine strips the zinc from albumin and a zinc-
histidine complex is formed which passes the renal glomerlus and
is excreted in the urine. This leads to depletion of total body
zinc (as much as 1% of the total body zinc has been excreted daily
by subjects receiving histidine) . Repletion of zinc produces a
decrease of symptoms to or toward normal.

These studies lend support to the data previously obtained in
patients with idiopathic hypogeusia (IH) . Mean serum zinc con-
centrations in patients with IH are significantly below control
levels. Treatment of these patients with exogenous zinc re-
turned their serum levels to normal and in many cases corrected
their hypogeusia. Withdrawal of zinc therapy was associated with
the gradual decrease in their serum zinc concentrations and a
gradual return of their hypogeusia. These data all point to a
significant role that zinc ion plays in the taste system.

Other pathological states

Sjogren's syndrome: Twelve new patients with this syndrome
have been evaluated during the past year. Each has had a biopsy
of the nasal mucous membrane which has resulted in the discovery
of pathological changes in the glands and periglandular areas
such that the diagnosis of this disease can be made by this pro-
cedure. Since this procedure provides information similar to that
obtained previously by lip biopsy and since this procedure is much
simpler and produces less morbidity it is to be preferred over the
lip biopsy technique.

Hypertension and taste ; The relationship between salt taste
and salt preference in normal and hypertensive man and rat has
been studied in order to try to understand more about the etiology
and pathology of hypertension as well as the relationship between
salt intake and the development of hypertension. These studies
have been carried out in a model system, the spontaneously hyper-
tensive rats and in patients with various forms of hypertension.

a . Preference behavior in adult spontaneously hypertensive (SH)
rats

.

Six male SH and 6 male Wistar/NIH adult rats were tested
under rigorously controlled conditions of light, temperature and
humidity for 4 days given a choice between water and a test
solution followed by 3 days rest when only water was available.

14 rsf^



Serial No. NHLI-220(c)

The SH rats exhibited a mean daily preference for the 4 day test
period which was statistically significantly greater than the
WES/NIH rats for the following solutions:

Solution

0.15 M NaCl
. 30 M NaCl

0.45 M NaCl
0.15 M. KCl
0.15 M NaHCO.

Percent Preference
SHR
95±3

WIS/NIH
25±8

64±3 12±3
32±6 3±1
84±5 22±5
91±2 47±10

Using a new control rat of the same strain as the SH rat, pref-
erence behavior was measured under the same experimental conditions
in 6 SH and 6 Wistar/Kyoto adult, male rats, and the SH rats were
found to have statistically significantly greater preference for
the following solutions, compared to the controls:

Solution

0.30 M NaCl
. 30 M NaHCO,

0.30 M NaC2H302

Percent Preference
SHR
65±3
65±5
46±4

WI/KY
12±3
34±6
8±5

Preference behavior was not significantly different in SH rats
compared to WI/KY controls when tested with 0.45 M NaHCO,, 0.30 M
lysine-mono-HCl , 2.3 x 10"^ M quinine sulfate or HCl (0.002 M and
.004 M)

.

The total fluid intake/100 g of body weight (water plus salt
solution) , during test periods, was significantly greater in SH
rats for all solutions for which preference was significantly
higher than the WIS/NIH controls, except 0.45 M NaCl. There was
no significant difference in total fluid intake between SH rats
and WI/KY controls during test periods, even when preference was
significantly greater in the SH rats.

b. Preference behavior in weanling SH rats . To determine
whether or not the abnormal preference for salt solutions exhibited
by adult SH rats, was present at weaning, 6 SH and 6 WI/KY male
weanling rats were tested for 6 weeks (from 5 weeks of age to 11
weeks) with several salt solutions, and the preferences compared
with those previously observed in adult SH rats, and in the same
animals when they reached comparable ages. The following increased
preferences were recorded for the salts listed:
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Solutions Age Preference Age Preference

0.30 M NaCl 6 weeks 44±iO 16 weeks 65±2
0.45 M NaCl 8 weeks 13±3 13 weeks 32±5
0.15 M KCl 9 weeks 53±2 16 weeks 84±4
0.15 M NaHCO^ 10 weeks 83±5 17 weeks 91±2

The WI/KY control animals did not show significant increases
in preference for the solutions with age; however, it has been
found that drinking behavior in these rats is not as reproducible
as that observed in the SHR. This may be due to the fact that
the animals are not inbred, as are the SH rats, thus different
groups of WI/KY have been observed to have a preference for salt
solutions which can vary from 10 to 30% for 0.30 M NaCl, but a
preference of more than 30% has seldom been observed.

c . Preference for 0.30 M NaCl and the development of hyper -

tension in SH rats . 12 SH male weanling rats and 6 WI/KY male
weanling rats were tested for 16 weeks with a solution of 0.30 M
NaCl under the conditions previously described. Blood pressures
were measured weekly by the tail plethysmograph technique, and the
increasing hypertension correlated with preference behavior in the
SH rat.

Blood PressureAge Percent Preference

5 weeks SHR 30±2
WI/KY 25±4

6 weeks SHR 42±3
WI/KY 16±5

7 weeks SHR 38±2
WI/KY 16±4

8 weeks SHR 41±2
WI/KY 20±5

9 weeks SHR 43±4
WI/KY 24±3

10 weeks SHR 47±3
WI/KY 27±4

11 weeks SHR 48±3
WI/KY 30±6

12 weeks SHR 49±3
WI/KY 26±6

140±3 mm Hg
105±5 mm Hg

143±5 mm Hg
105±4 mm Hg

150±2 mm Hg
108±7 mm Hg

170±4 mm Hg
113±5 mm Hg

180±4 mm Hg
124±8 mm Hg

186±6 mm Hg
118±7 mm Hg

194±3 mm Hg
108±7 mm Hg

194±4 mm Hg
134 ±7 mm Hg
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Age Percent Preference Blood Pressure

13 weeks SHR 50±3 206±7 mm Hg
135±6 mm Hg

14 weeks SHR 52±4 200±4 mm Hg
123±5 mm Hg

SHR 50±3
WI/KY 38±4

SHR 52±4
WI/KY 30±3

SHR 59±4
WI/KY 29±3

SHR 65±3
WI/KY 17±5

16 weeks SHR 59±4 198±4 mm Hg
113 ±4 mm Hg

30 weeks SHR 65±3 205±3 mm Hg
115 ±5 mm Hg

Previous investigators have shown the development of hyper-
tension in SH rats from 5 weeks (140 mm Hg) to 10 weeks (190 mm
Hg) occurred under normal conditions of group housing and tap
water ad libitum ; thus^ consumption of 0.30 M NaCl does not appear
to have influenced the expected increase in blood pressure in
these animals. However, to determine whether or not prior exposure
to NaCl had an effect on the ultimate preference shown as adults

,

SHR weanlings were raised together on tap water, and challanged
with 0.30 M NaCl in the standard test situation at 14 weeks of

age. Blood pressures were measured weekly in this group and were
found to parallel those observed in the individually housed rats
tested in the experiment described above (-5 mm Hg throughout)

.

These rats had a mean daily preference for the 4 day test period
of 49±5% versus 52±4% for those subjected to the long term testing.
WI/KY rats challenged at 14 weeks for the first time with 0.03 M

NaCl, had a preference of 12.5±3% versus 30±3% for those subjected
to the long term test schedule. Such variation in preference has
frequently been observed in other groups of WI/KY rats tested as

adults with 0.30 M NaCl.

Total fluid intake was significantly higher in SH rats during
the test periods at 7-10 weeks of age, but thereafter no signifi-
cant difference in total fluid intake was observed between the
hypertensive and normotensive animals, although intake of NaCl
solution was greatly elevated in SH rats over that of WI/KY con-
trols .

In contrast to the work of others, it was found that fluid
intake/rnEq of Na+ was significantly less in the SH rat than in

the normotensive control WI/KY. For example, at 16 weeks of age,

SH rats had a fluid intake of 5.6 ml/mEq Na+/100 g of body weight,
versus 11 ml/mEq Na"'"/100 g of body weight by WI/KY controls of
the same age. Water intake during rest periods was identical for
both SH and WI/KY rats at all ages.
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The question as to whether or not the increased preference
for salt solutions in the SH rat is due to decreased capacity to
detect the difference between salt and water, i.e. a higher taste
threshold than WI/KY control rats, was investigated with SH and
WI/KY rats by offering them a choice between dilute solutions of
NaCl and water on the usual test schedule. It was found that
when 0.01 M NaCl was presented SH rats had a preference of 79±6%
versus 41±5% for the WI/KY rats. At 0.001 M, however, the SH rats
had a preference of 58±2% versus 53±7% for the WI/KY controls.
But at 0.005 M NaCl SH rats preferred the salt solution at a level
of 79±4%, versus 65±7% for the controls.

These data indicate that at 0.01 M the controls were unable
to distinguish between the salt solution and water, whereas the
SH rats clearly chose the salt solution over water. The SH rats
also were able to detect the difference and showed a preference
for 0.015 M NaCl, whereas the controls did not exhibit their nor-
mal aversive response for salt solutions at this concentration.
At 0.001 M both the SH and WI/KY rats exhibited the same drinking
behavior, with approximately equal amounts of salt solution and
water consumed by each group. Thus it would appear that SH rats
exhibit lower detection thresholds for salt solutions than the
WI/KY control or a more acute sensitivity for detecting such solu-
tions .

d. Salt preference and hypertension in the SH rat . In an
attempt to determine the relationship between hypertension in the
SH rat and their preference for salt solutions 5 adult male SH
and 5 adult, male WI/KY rats were given Aldomet ( a-methyl-DOPA)

,

I. P. (50 mg/kg daily) , for a 4 day test period using 0.30 M NaCl
and water as the test solutions.

Although blood pressure reductions of as much as 60 mm Hg
(from 210 to 150 mm Hg) were recorded in the SH rats during the
24 hour test period, no reduction in the preference for NaCl oc-
curred, and both SH and control rats exhibited the same drinking
patterns as those observed during a pre-Aldomet test period and
during a control test period when the rats received daily injec-
tions of solvent.

e

.

Preference for NaCl in hypertensive rats other than the
SH rat . Three strains of rats being selectively bred by the
Genetics Unit of NIH because they develop blood pressures which
are greater than 135 mm Hg , were tested with NaCl (0.15 M, 0.30 M
and 0.45 M) , for 6 weeks, on the normal 4 day-3 day test schedule.
The animals consisted of:

6 male SD/N ( Sprague-Dawley/NIH ,with blood pressures of 130±10 mm
Hg) ; 6 male SD ( Sprague-Dawley , normotensive controls)
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6 male OM/N (Osbourne-Mendel/NIH , with blood pressures of 130±10
mm Hg) ; 6 male OM ( Osbourne-Mendel , normotensive controls)

6 male RHA (Roman High Avoidance, with blood pressures of 135±5
mm Hg) ; 6 male RLA (Roman Low Avoidance, with blood pressures of
125 ±5 mm Hg)

No difference in preference behavior for any of the solutions
of NaCl were observed ^between the SD/N and the SD controls nor
between the OM/N and the OM controls . The RHA and RLA rats ex-
hibited extreme aversion for even the most dilute of the NaCl so-
lutions offered and were therefore tested with 0.10 M and 0.05 M
NaCl. No difference in preference behavior between the two strains
was observed.

It is doubtful that these experiments can be interpreted as
relevant to the hypertensive state in the SH rat since none of the
so-called hypertensive animals ever developed blood pressure that
exceeded 150 mm Hg

.

f. Salt preference and hypertension in man . Studies in our
laboratory indicated that patients with essential hypertension,
when allowed a free choice between 0,15 M NaCl and water imbibed
a significantly greater amount of NaCl than did normal controls.
Because these studies were carried out for 7 days and because the
controls were in general younger than the patients we wished to
extend these experiments so that it might be carried out over a

shorter period of time and to ensure the fact that older control
subjects also exhibit the same rejection of NaCl as do the younger
sub j ects

.

Data were collected over a two day period in a manner similar
to that previous described in 20 patients with essential hyper-
tension and in 28 normal controls. Preference for NaCl was approx-
imately three times as high in the patients as in the controls.

DAY 1

NaCl Total Intake %NaCl Total Intake
Hypertensive Patients(20) 29.6±5.6*+ 1429±190*+ 30.9*6.0+ 1518*192+

Norman Controls (28) 11.7±3.9 644±91 12.5±4.8 782±114

* Mean ±1SEM
+ p < .025

It is of interest that 2 normal volunteers exhibited a pattern
of salt preference similar to that observed in the patients with
hypertension. These were the only subjects studied, among the
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normal volunteers, who had a positive paternal family history of
hypertension

.

Taste abnormalities following thermal burn . Taste acuity and
zinc and copper metabolism were studied in 19 patients with ther-
mal burns. Eighty-four percent exhibited hypogeusia. Mean
serum total zinc concentration was decreased and mean urinary zinc
excretion increased in the patients with hypogeusia compared to
controls. An association between hypogeusia, anorexia and altered
zinc metabolism after thermal injury is strongly suggested.

Major Findings; Olfaction

Physiology

:

1

.

Mechanism of hyposmia following laryngectomy . The mechan-
ism by which hyposmia occurs following laryngectomy in man was
evaluated by measurement of olfactory acuity in four patients
before and after various surgical procedures were performed on
their larynx. Results demonstrated that interruption of the re-
current laryngeal nerves bilaterally was associated with the on-
set of the hyposmia. Air flow, per se , was not a factor in the
production of the hyposmia.

2. Hypogonadism and olfaction . Sixteen male subjects were
treated with clomiphene citrate for periods of 6 weeks to 6 months
during which time FSH, LH and testosterone was measured in blood.
Prior to study each patient was evaluated clinically and olfactory
acuity was measured. Of the three patients with Type II hyposmia
studied each responded to clomiphene with a dramatic increase in
plasma testosterone and in one case with the production of a nor-
mal amount of sperm- Of the four patients with Type I hyposmia
studied none responsed to clomiphene in any identifiable manner.
There were some patients with normal olfactory acuity who re-
sponded as well as some who did not respond to clomiphene. These
results suggest that measurement of olfactory acuity may be of
value in predicting which patients with hypogonadism will ulti-
mately be fertile.

Significance

:

We have demonstrated an identifiably similar recep-
tor structure for taste in man and chemoreception in the blowfly
and nematode. Receptor areat; independent of neural structures
have been identified in each system.

We have demonstrated that saliva plays an important role in
the maintenance of normal taste acuity. Although the fluid nature
of saliva is not a critical factor the components of saliva which
carry out this function have not been identified.

Zinc deficiency in rat is associated with hypogeusia whereas

20 ^^



Serial No. NHLI-220(c)

pair-fed, i.e., starving, animals exhibit normal taste preferences
for those substances measured. Electrical activity of the chorda
tympani nerve is the same in zinc deficient or in zinc replete
rats in response to the lingual application of representatives of
4 taste qualities.

Receptor membranes protein of the taste buds from circumval-
late papillae of cow have been isolated and their chemical anatomy
studied. These studies^ as documented by high resolution electron
microscopy and by phase contrast microscopy represent the first
successful attempt to isolate the membrane of the taste bud in a

relatively pure form. Chemical studies of the membrane protein
fraction indicate a 20 fold enrichment of alkaline phosphatase
over its activity in the crude homogenate of taste bud membrane.
Enrichment of (Na + K''')ATPase, 5' nucleotidase and non-specific
esterase activity has also been shown in the membrane protein
fraction. Such an enrichment has not been found in similar frac-
tions obtained from epithelial tissue surrounding the circumval-
late papillae and carried through the same procedure as a control
tissue

The relationship of salt preference and hypertension has been
studied in a model system and in patients with essential hyper-
tension. In rats with spontaneous hypertension preference for
NaCl, NaHCO and KCl is markedly increased over control rats al-
though preference for HCl and quinine is not different. This sug-
gests that these hypertensive rats exhibit a specific taste ab-
normality for Na"*" and K salts. The abnormality in this rat model
system may be of importance in the etiology of their observed
hypertension. Similar elevations in preference for NaCl were found
in patients with essential hypertension in the absence of any ab-
normalities in their detection or recognition thresholds for NaCl.
This abnormality was also found in two normal volunteers with a

paternal family history of hypertension. This test may be of some
usefulness as a prognostic index of hypertension in susceptible
sub j ects

.

The importance of abnormalities of taste and olfaction in the
general population of the U.S. has become increasingly apparent
over the past year. At the NIH alone 20 employees have been
studied for such abnormalities. If one extrapolates from this
sample to the entire NIH employee population of 10,000 the incidence
of these abnormalities would be 1 in 500. If one further extra-
polates from this sample to the entire population of the U.S. as
many as 400,000 patients with such abnormalities may be present.
During the past year at the NIH a Taste and Smell Clinic was es-
tablished to evaluate and treat patients with problems of taste
and olfaction. During the past year there were 1128 patient
visits made to the clinic. Because of the need for better diagnos-
tic techniques several new measurements which indirectly give in-
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formation about pathological changes in the gustatory and olfac-
tory systems were obtained. These include localization of Technicliam

in the nasal area and examination of biopsies of nasal mucous
membranes from patients with these abnormalities. These techniques
have already provided new and useful information by which the di-
agnosis of the various diseases of taste and smell can be made and
important information relevant to the pathological processes un-
derlying the loss of taste and smell acuity in man.

Results of the first 103 patients with idiopathic hypogeusia
studied indicate that, as a group, their serum concentrations of
zinc are significantly below normal levels. Treatment with zinc
ion (100 mg Zn''"'' daily) resulted in the correction of their ab-
normal zinc levels and a return to or toward normal of their al-
tered taste acuity. Withdrawal of zinc therapy was associated
with a decrease in their serum zinc concentrations toward those
measured prior to treatment and a return toward the condition of
hypogeusia. Other studies indicated a similar association between
anorexia, lower than normal zinc levels and hypogeusia in patients
with malnutrition, following thermal burn, with various malignan-
cies, in malabsorption, in porphyria and in patients with Wegener's
granulomatosis. Treatment of patients with hypogeusia of several
different diagnoses with zinc ion was useful in correction of
these abnormalities provided abnormalities of zinc metabolism were
a prominent feature of this disease. In addition, administration
of histidine to subjects with normal taste acuity was uniformly
associated with the production of anorexia, hypogeusia and hypos-
mia in association with decreases in serum zinc concentration and
increases in urinary zinc excretion. Histidine is one of the most
useful tools to study both taste and smell acuity as well as metal
metabolism. Administration of zinc with histidine returns the
symptoms of the subjects back to or toward normal demonstrating
the role that zinc plays in the taste system.

These studies suggest that one rational approach to under-
standing the mechanism of taste loss and its treatment is apparent
and thereby allow us to understand more of the basic mechamism of
taste

.

Proposed Course of Project ;

1. Completion of double-blind study to establish the ef-
ficacy of zinc ion in the treatment of taste disorders.

2. To evaluate various abnormalities of taste acuity in an
effort to learn more about mechanism of the taste process.

3. To continue our work on the anatomy of taste buds so
that the receptor cells may be clearly identified.
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4. Completion of the double-blind study to establish the
efficacy of Vitamin A in the treatment of olfactory disorders.

5. Characterization of the membrane fraction from the
taste bud and the carrying out of binding studies with sugars of
various sweetness using affinity chromatography and filters.

6. Continuation of the use of histidine as an agent in the
study of zinc loss and taste loss in an effort to identify the
precise mechanism by which the drug produces its effect.

Honors and Awards : None
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Annual Report of the Section of Pathology

Office of the Director of Intramural Research

National Heart and Lung Institute

July 1, 1971 through June 30, 1972

This section is primarily concerned with structural alterations produced by vari-

ous cardiovascular and pulmonary diseases. Studies during this period centered in

the following areas: 1) coronary arterial disease; 2) valvular heart disease; and

3) cardiomyopathies.

Coronary Artery Disease

Studies on coronary arteries in patients with fatal acute myocardial infarction

and with fatal cardiovascular collapse without myocardial necrosis (sudden death)

were continued during this year. A total of 107 patients with fatal acute ischemic

heart disease were studied: 75 had transmural left ventricular myocardial infarction,

9 subendocardial infarction, and 24 died suddenly ( "> 6 hours after onset of symptoms

of myocardial ischemia). Several facts were learned. Old atherosclerotic plaquing

was diffuse and extensive in the extramural coronary arteries in 104 of the 107 pa-

tients. The lumens of at least 2 of the 3 major (right, left anterior descending and

left circumflex) extramural coronary arteries were narrowed <" 75% by old athero-

sclerotic plaques in 101 of the 107 patients. This averaged 2.3 of 3 per patient.

Coronary arterial thrombi were observed in 54% of the 74 patients with transmural

necrosis, in none of 9 with subendocardial necrosis and in 8% of those who died

suddenly. In 37 of the 42 patients with antemortum coronary arterial clots, the

lumen of the vessel containing the thrombus was already narrowed < 75% by old

atherosclerotic plaques at or distal to the site of the thrombus. This observation had

not been described previously. In the past, coronary thrombi have been considered

the cause of acute myocardial infarction. Several factors learned from this study,

however, favor the thesis that thrombi are consequences rather than causes of myo-
cardial infarction. These factors are the infrequency of coronary thrombi in patients

dying suddenly, in those in whom necrosis is limited to subendocardium, and in

those dying without cardiogenic shock or congestive heart failure. Nearly all of the

patients with coronary thrombi had periods of severe heart failure or shock during

the period of infarction. This study also demonstrated that hemorrhages into athero-

sclerotic plaques are probably of no consequence. Also, atherosclerosis is a disease

of the extramural coronary arteries and spares the intramural vessels. There has

been controversy on the latter two points in previous studies.

Although it tended to deemphasize the role of thrombosis in acute myocardial

infarction, the present study also emphasized the probable role of thrombosis in the

formation of old atherosclerotic plaques. Factors favoring such a role included:



1) the finding of platelets and fibrin incorporated into old atherosclerotic plaques;

2) the finding of components of atherosclerotic plaques/ namely cholesterol clefts

and foam cells, in organized hematomas wherever they appeared in the body; and

3) the finding of multiple luminal channels in coronary arteries containing athero-

sclerotic plaques. The latter have been shown experimentally to result from organi-

zation of thrombi.

Internal mammary arteries implanted into canine myocardium were studied in 6

dogs. Each of the 12 implanted arteries, which had been in place for approximately

1 year, showed varying degrees of fibrous intimal thickening and several contained

numerous luminal channels. The multiple luminal channels were interpreted again as

strong evidence that the occlusions in these implanted arteries were the result of

organization of thrombi.

Valvular Heart Disease

A major undertaking during the past year was the study of a number of fatal

cajes of infective eBdocarditls. A total of 57 necropsy patients were studied. The

patients were divided Into 3 groups: 1) 45 with isolated left-sided vetetations;

2) 6 with Isolated right-sided vegetations; and 3) 6 with right- and left-sided vege-

tations. In the past it has been believed that infective endocarditis attacks, for

practical purposes, only previously diseased valves. This study clearly showed,

however, that previously diseased valves were less commonly involved in fatal in-

fective endocarditis than were previously normal valves. Fifty-three percent of the

45 patients with isolated left-sided vegetations had previously anatomically norn'ial

valves. It would appear that infective endocarditis tends to Involve previously nor-

mal valves than abnormal ones. However, from a percentage standpoint', the per-

son with the mildly anatomically abnormal valve is more likely to develop infective

endocarditis than the patient with normal valves. The anatomically normal valve

tends to become infected by pyogenic organisms, particularly staphylococcus and

pneumococcus, whereas the previously abnormal valve tends to become infected by

less virulent organisms, particularly alpha streptococcus . Infective endocarditis rarely

attacks previously calcified or previously stenotic valves. The more severely scarred

or calcified a valve is the less likely it Is to become the site of a vegetation.

Only 50% of the patients had evidence of acute myocarditis. In no patient were

myocardial lesions entirely responsible for congestive heart failure. When heart

failure occurs in patients with fatal infective endocarditis, the failure is the result

of valvular regurgitation from valvular destruction and not from associated myocardial

lesions. A distinct syndrome, consisting of chronic alcoholism, acute meningitis,

acute pneumonia, and acute pneumonococcal endocarditis, was observed. Ten patients

were heroin addicts and 6 of them had isolated left-sided vegetations.

The papillary muscles were studied histologically in 41 patients with infective

endocarditis. In 33, foci of necrosis were noted in 1 of both left ventricular
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papillary muscles and in 8, in the right ventricular anterior papillary muscles. The

necrosis correlated well with the presence of congestive heart failure during life.

Sirtce no patient had necrosis of the left ventricular free wall beneath the papillary

muscle, mittal regurgitation did not result from this mechanism in any patient.

Since the papillary muscles of the left ventricle are the last sites to be profused

by arterial blood, inadequate coronary profusion from whatever cause, but particu-

larly from acute congestive heart failure from infective endocarditis, appears to

enhance the probability that these structures will be sites of necrosis.

A review of the mitral apparatus was carried out. For this structure to function

properly the left atrial wall, mitral annulus, mitral leaflets, chordae tendineae,

papillary muscles, and left ventricular free wall all must work in delicate harmony.

This study emphasized the fact that necrosis or fibrosis limited to pc^pillary muscles

does not cause mitral regurgitation; necrosis or fibrosis or both must involve the

left ventricular free wall beneath these structures as well as the papillary muscles

themselves. The mechanism of mitral regurgitation from mitral annular calcification

was cidrified. Experimentally, the mitral annulus constricts during ventricular

systole. The annulus is prevented from performing its sphincter-like motion during

this phase of the cardiac cycle when it is heavily calcified.

The multiple diseases which affect the left ventricular papillary muscles were

summarized. Not only are these structures made necrotic or fibrotic by coronary

arterial luminal narrowing but any entity which causes inadequate coronary profusion

may be associated with necrosis or fibrosis in these structures. These entities

include chronic anemia, several cardiomyopathies, origin of the left coronary artery

from the pulmonary trunk, and left ventricular outflow obstruction. The papillary

muscles are subject to the infiltrative diseases namely, abscesses, granulomas, amyloid,

neoplasm, calcium, iron, etc., just like any other portion of myocardium. The

single papillary muscle is probably the most common cause of congenital mitral re-

gurgitation and several cases with this entity were summarized to emphasize this

point.

A continuing study in this section has concerned the anatomic evaluation of

hearts containing prosthetic valves. It is relatively easy to obtain hearts of patients

who die in the early postoperative period after valve replacement, and this center

as well as two others have described observations in the early postoperative fatal

cases. No center, however, other than the present one, has made anatomic studies

of hearts in patients who died late after replacement of one or more cardiac valves

with prosthetics. One of the new studies carried out in the present year was the

anatomic evaluation of cloth covered Starr-Edwards prosthetic valves which had been

implanted longer than 2 months. The Teflon cloth on these struts Is overgrown by a

thin film of collagen In all pqtients by this period of time. In some individuals the

overgrowth of collagen is extensive, but rarely does it prevent the poppet from

moving properly. The material which grows over the cloth-covered struts is collagen

and this was confirmed by electronmicroscopic examination. It is formed by organi -



zation of fibrin which is observed on these struts in the early postoperative period.

A total of 27 prostheses Implanted from 3 to 44 months (average 20 months) in 23

patients were examined. It was learned that the overgrowth on the mitral prosthe-

tics was greater than that on the aortic prostheses. There was a large host factor

involved, however, since some patients by 3 months had extensive collagen over-

growth, whereas others up to 44 months had very little.

Cardiomyopathies

Necropsy cases of primary myocardial disease, hypertrophic cardiomyopathy,

fibroplastic parietal endocarditis with eosinophil la, giant cell myocarditis various

infiltrative cardiomyopathies (amyloid, fibrous tissue, granulomas, calcium, iron,

neoplasm, glycogen, lipids, and mucopolysaccharides) and secondary cardiomyopathies

(secondary or associated with another known condition) were reviewed. Several

observations were made from review of these approximately 500 fatal cases. Of the

patients that had previously been listed as having died from primary myocardial

disease, at least 33% of them were excluded from this study because of associated

luminal narrowing. How much coronary luminal narrowing is allowable and still per-

mit a diagnosis of primary myocardial disease has not been established. By either

light or electron microscopy no difference was observed in myocardium in patients

with primary myocardial disease associated with alcoholism and in those who were

not alcoholics. The similarity between Loffler's fibroplastic parietal endocarditis and

the endomyocardial fibrosis of Davies in the African was emphasized. Although

sarcoidosis appears to be the chief cause of giant cell myocarditis, sarcoidosis is

only one of many causes of giant cells in the myocardium. None of the collagen

diseases affect the myocardium primarily. The effect is mainly from vasculitis of the

coronary arteries. No patient with pheochromocytoma studied had myocarditis al-

though this has been described elsewhere. Several cases of myocardial disease pro-

duced by drugs were summarized. A number of drugs clearly have severe effect on

myocardial cells and these have been relatively poorly emphasized.

A technique which has allowed great advance In ultrastructure of human myo-
cardium was the introduction of the Konno biopsy catheter. Since Its introduction in

the early 1960's this technique has been employed at the D.C. General Hospital to

obtain biopsies of myocardium in 31 patients with primary myocardial disease. All

of these specimens have been examined in the electronmicroscopy unit of this section.

Although a number of abnormalities were observed in the myocardial cells in these

patients no pathognomonic or specific lesions were observed. In contrast, ultra

-

structural studies were performed on myocardial biopsies In 14 patients with hypertrophic

cardiomyopathy operated In the Surgery Branch of the National Heart & Lung Institute.

These studies disclosed electronmlcroscopic abnormalities In the left ventricular out-

flow tract myocardium In all 14 patients. The specific findings were variable degrees

of disorientation In the arrangement of the myofibrils. This abnormality of disorienta-

tion in contrast was not observed in any of the 31 patients with the dilated type of

sfe



cardiomyopathy. Furthermore, the orientation abnormalities were not observed in

apical left ventricular free wall myocardium in 2 of the 14 patients with hypertro-

phic cardiomyopathy. It appears that the myocardial cells in the area of the left

ventricular outflow tract in hypertrophic cardiomyopathy undergo a form of hyper-

trophy which is different from that in any other type of heart disease. Hypertrophy

In other forms of cardiomyopathy appear not to be associated with myofiber der-

rangement. Electronmicroscopy of left ventricular outflow tract In hypertrophic

cardiomyopathy thus is diagnostic.

Other studies centered in the electronmicroscopy unit of this section included

a review of myocardial ultrastructure in acute and chronic hypoxia. It is of interest

that most ultrastructural studies of myocardium have been on mammals or animals

other than man. The emphasis up to this point in this section has concerned human

myocardium. Ultrastructural changes in acute myocardial hypoxia consist of loss of

collagen, intracellular edema, dilatation of sarcoplasmic reticulum, and mitochondrial

damage. These changes are not specific but they may be severe, the severity vary-

ing according to the mechanism by which hypoxia is produced.

During the examination of myocardium in the hypoxic studies, glycogen deposits

were observed in the cardiac muscle cells of dogs sacrificed 2 to 4 weeks following

prolonged periods of normothermic anoxic cardiac arrest induced by aortic cross-

slamplng during total coronary pulmonary bypass. These deposits were not observed

in control dogs. Although Intramitochondrial glycogen deposits had been described

in a few patients with cardiomyopathies, the finding of these deposits induced by

hypoxia suggest that they are a response to injury rather than to a specific type of

cardiomyopathy.

Miscellaneous

Congenital heart disease continues to be emphasized in this section. Examina-

tion of hearts with all types of congenital malformations forms an important part of

the activities of this section. Four hearts were examined during this year in which

the coronary sinus ostium into the right atrium was totally obliterated, presumably

from the time of birth. Atresia of the right atrial ostium has generally been found

to occur in patients with persistent left superior vena cava but none of the 4 sub-

jects studied had persistence of this vessel. In 2 of the patients no communications

from the coronary sinus were found leading into the left atrium. The study of this

malformation reemphasizes the fact that the coronary sinus is not necessary for proper

functioning of the heart and this structure can be clamped during life without detri-

mental effects.

Asbestos is is becoming increasingly emphasized as an industrial hazard since

this material is nondestructible. It has been well established that persons who in-

hale asbestos fibers In large amounts over prolonged periods tend to develop mesothe-

liomas of the pleura. Six patients were studied in whom thick collagen plaques were



observed in the pleura. These plaques by electronmicroscopy were found to consist

entirely of collagen. They had no asbestos bodies In them but some were observed

in adjacent lungs in studies by others. The origin of the collagen plaques, which

had not previously been well described structurally, remains uncertain, but there is

considerable evidence that asbestos fibers play a role in their developrnent.

This section continues to receive a number of heart specimens from outside

institutions for diagnostic purposes and much of this material is incorporated into

the research projects of this section. During this year a total of 248 hearts were

submitted and studied. A total of 3,032 parafin blocks were prepared from tissues

cut on these specimens. 5,011 hematoxylin and eosin stains were prepared and

3,377 special stains were prepared from the sections cut from the parafin blocks.

Thus, a total of 16,870 slides were cut during this year, and of them 500 were

large slides (3.0 by 1.5 Inches or 3.25 by 4 inches). The total number of stained

slides was 8,388.
'
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Serial No. NHLI-221(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Left-Sided Valvular Active Infective Endocarditis

A study of 45 necropsy patients

Previous Serial Number:

Principal Investigator: Neil A. Buchbinder, M.D.

Other Investigators: William C. Roberts, M.D.

Cooperating Units: None

Project Description: Clinical and anatomic features are described in 45 necropsy

patients with left-sided valvular active infective endocarditis (IE). Vegetations in

53 per cent of the patients involved previously anatomically normal valves, and

76 per cent of all patients had previously functionally normal valves. Predisposing

factors allowing entrance of virulent or unusual organisms or alterations of host

defense mechanisms appear to account for the frequency of IE on normal valves.

Valvular dysfunction resulting from IE occurred in at least 59 per cent and possibly

as high as 74 per cent of the 45 patients causing congestive heart failure in all.

Myocardial lesions were present in 87 per cent of the 38 patients in whom multiple

histologic sections were examined, but in none did heart failure appear to result

from these lesions. Papillary muscle necrosis was present in 58 per cent, but in

none did it appear to cause mitral regurgitation. Congestive heart failure could not

be attributed in any patient to myocardial lesions. Pericarditis occurred in 8 patients

(20 per cent), and in each a site of direct extension of the inflammation into the

pericardium was apparent. Ring abscesses occurred in 12 of 31 patients with aortic

valve vegetations and in of 26 with mitral valve vegetations. Ring abscesses

indicate severe destruction of valvular cusps and severe valvular dysfunction.

Honors and Awards: None

Publication: Accepted for publication in the American Journal of Medicine.

It will be published in the July 1972 issue of that journal.
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Serial No. NHLI-222(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Mitral Apparatus - The Functional Anatomy of Mitral

Regurgitation

Previous Serial Number: None

Principal Investigator: Joseph K. Perloff, M.D.

Other Investigators: William C. Robert^ M.D.

Cooperating Units: Department of Medicine, Georgetown University

School of Medicine, Washington, D.C.

Project Description: The mitral valve is an extremely complex structure. At least

6 components are present and each must function properly for this complex apparatus

to function properly. The input into the proper function of this valve by the left

atrial wall, mitral annulus, leaflets, chordae tendineae, papillary muscles, and left

ventricular wall were analyzed. The mechanism by which calcification of the

annulus may lead to mitral regurgitation was reviewed. The actual function of the

papillary muscles in closing the mitral orifice during ventricular systole remains

open to question. It has now been clearly established that either scarring or

necrosis of left ventricular free wall beneath the papillary muscles is necessary for

mitral regurgitation to occur and no mitral regurgitation occurs from necrosis or

fibrosis limited to papillary muscles themselves.

Honors and Awards: None

Publications: Circulation (in press)
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Serial No. NHLI-223
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Occurrence of Intramitochondrial Glycogen in Canine Myocardium
After Prolonged Anoxic Cardiac Arrest

Previous Serial Number: None

Principal Investigator: L. Maximilian Buja, M.D.

Other Investigators: V. J. Ferrans, M.D., Ph.D.

S. Levitsky, M.D.

Cooperating Units:

Project Description: Intramitochondrial glycogen deposits were observed in viable

cardiac muscle cells of dogs sacrificed 2 to 4 weeks following prolonged periods

of normothermic anoxic cardiac arrest induced by aortic cross-clamping during total

cardiopulmonary bypass. These deposits were not observed in control dogs, in dogs

which died several hours to 8 days after the anoxic period, or in cardiac biopsies

taken immediately before and immediately after the anoxic period. The intra-

mitochondrial glycogen deposits were located in the outer mitochondrial compartment,

and varied from few to large numbers of granules that almost completely filled the

mitochondria. These granules occurred in the monoparticulate (p) form and usually

were slightly larger than the extramitochondrial p glycogen granules. Both intra-

and extramitochondrial glycogen gave a strongly positive reaction with the periodic

acid-thiosemicarbazide-silver proteinate method of Thiery for the demonstration of

polysaccharides; glycogen granules in both locations were extracted from ultrathin

sections by amylase.

Although intramitochondrial glycogen deposits have been described in a few

patients with cardiomyopathies, the present study suggests that such deposits indi-

cate a type of response to injury rather than a specific type of cardiomyopathy.

It is suggested that the three factors responsible for the occurrence of intramito-

chondrial glycogen deposits in cardiac muscle cells following anoxic cardiac arrest

are: 1) solubilization of the enzymes of glycogen metabolism during the anoxic

period, 2) increased permeability, due to anoxic damage, of the outer mitochon-

drial membrane, and 3) diffusion of the solubilized enzymes of glycogen synthesis

into the mitochondria with subsequent formation of glycogen.
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Honors and Awards: None

Publication: Submitted to Journal of Molecular Cell Cardiology
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Serial No. NHLI-224(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Clinical Evaluation of Transvenous Catheter Technique

for Endomyocardial Biopsy

Previous Serial Number: None

Principal Investigator: Nayab Ali, M.D.

Other Investigators: Victor J. Ferrans, MoD., Ph.D.

William C. Roberts, M.D.
Rash id A. Massumi, M.D.

Cooperating Units: Department of Medicine, George Washington University

School of Medicine and Cardiac Laboratory, D. C.

General Hospital, Washington, D.C.

Project Description: Results obtained with the technique of Sakakibara and Konno
for transvenous biopsy of right ventricular endomyocardium are described. The

instrument consists of a metal catheter which bears two 2 x 2.5 mm biopsy spoons

at its tip and is introduced into the right ventricle using standard techniques of

right-heart catheterization. This simple and safe technique was employed in 26

patients with a variety of myocardial diseases of known and unknown etiology;

satisfactory specimens, usually multiple, were obtained in all 23 patients in whom
the instrument could be introduced into the right ventricular cavity. Complications

were minimal and the procedure was acceptable to the patients.

Honors and Awards: None

Publications: This work has been submitted for publication to the American Heart

Journal.
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Serial No. NHLI-225
1. ODIR
2. Pathology Section
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Cause of Luminal Narrowing in Internal Mammary
Arteries Implanted into Canine Myocardium

Previous Serial Number: None

Principal Investigator: John W. Yarbrough, M.D.

Other Investigators: William C. Roberts, M.D.
Ronald M. Abel, M.D.
Robert L. Reis, M.D.

Cooperating Units: Surgery Branch, National Heart and Lung Institute

Project Description: Intimal proliferation has been implicated as a limiting
factor in blood flow through internal mammary arteries implanted into

myocardium. The cause of the proliferation has been uncertain. The present
study summarized observations from histologic study of internal mammary
arteries implanted into myocardium of 6 dogs. Each of the 12 implanted
arteries showed varying degrees of fibrous intimal thickening, several
containing numerous channels. The presence of multiple luminal channels
strongly suggested that the intimal thickening was the result of organization
of thrombi. The intimal thickening was less in one animal in which the left

coronary artery had been constricted before internal mammary artery implanta-
tion. This study gives further support to the thesis that old atherosclerotic
plaques are in some way related to organization of thrombus.

Honors and Awards: None

Publications: American Heart Journal (in press)
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Serial No. NHLI-226(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 36, 1972

Project Title: Relationship Between Coronary Thrombosis and Myocardial Infarction

Previous Serial Number: None

Principal Investigator: William C. Roberts, M.D.

Other Investigators: None

Cooperating Units: None

Project Description: Among patients with ischemic heart disease, coronary arterial

thrombi are infrequent in patients who die suddenly and in those with only subendo-
cardial necrosis. Coronary thrombi are found in just over 50% of patients with fatal

transmural myocardial necrosis. Thrombi are more likely to be found in patients who
survive longer following the onset of chest pain and in patients who have the power
failure syndrome. Coronary thrombi in fatal acute myocardial infarction (AMI) usually

are located at, or just proximal to, sites previously severely narrowed by old athero-

sclerotic plaqueso In nearly all patients with fatal AMI, the extramural (epicardial)

coronary arteries are diffusely involved by old atherosclerotic plaques, whereas the

intramural coronary arteries are characteristically spared.

Honors and Awards: None

Publication: Published in Modern Concepts of Cardiovascular Disease 41: 7-10,

Feb. 1972
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Serial No. NHLI-227(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Atresia of Right Atrial Ostium of Coronary Sinus Unassociated with

Persistence of Left Superior Vena Cava. A Clinlco-pathologic

Stxidy of 4 Adult Patients.

Previous Serial Number: None

Principal Investigator: William C, Roberts, M.D.

Other Investigators: M. Wayne Falcone, M.D.

Cooperating Units: Cardiology Division, Department of Medicine, Georgetown

University School of Medicine, Washington, D.C.

Project Description: Atresia of the ostium of the coronary sinus in the right

atrium is rare, particularly in the absence of a left superior vena cava. This

report describes 4 adult patients who at necropsy were found to have atresia of

the right atrial ostium of the coronary sinus unassociated with left superior vena

cava. Three of the 4 patients had other congenital cardiac malformations and

the fourth was suspected clinically of having primary myocardial disease. The

latter patient not only had atresia of the right atrial ostium of the coronary

sinus but communication between the coronary sinus and the left atrium, which oc-

curred in the other 3 patients, was absent in the patient with "idiopathic" cardio-

megaly. In the 3 patients with other congenital cardiac malformations, the anomaly
of the coronary sinus did not cause any physiological abnormality. Absence of a

sizable communication between coronary sinus and atrium in the fourth patient

lead to varicosities of the coronary veins and sinus and possibly was the cause of

the "idiopathic" cardiomegaly.

Honors and Awards: None

Publications: American Heart Journal, published May 1972
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Serial No, NHLI-228(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Pure Collagen Plaques on the Diaphragm and Pleura. Gross,

Histologic and Electron Microscopic Observations

Previous Serial Number: None

Principal Investigator: William C. Roberts, M.D,

Other Investigators: Victor Jo Ferrans, M.D., Ph.D.

Cooperating Units: None

Project Description: Clinical and morphologic observations are described of dia-

phragmatic and pleural plaques in 6 patients. The plaques were found by histologic

(6 patients) and ultrastructural (2 patients) examinations to consist of pure collagen.

Although the exact cause of the plaques is unknown, the frequent finding, by other

investigators, of asbestos bodies in the luhgs of patients with these plaques suggests

that the 2 are etiologically related.

Honors and Awards: None

Publications: Published in Chest 61: 357-360, April 1972.
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Serial No. NHLI-229(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Current Status of Starr-Edwards Cloth-Covered

Prosthetic Cardiac Valves

Previous Serial Number: None

Principal Investigator: Thomas Q. Winter, M.D.

Other Investigators: Robert L. Reis, M.D.
D. Luke Glancy, M.D.
William C. Roberts, M.D.
Stephen E. Epstein, M.D.
Andrew G. Morrow, M.D.

Cooperating Units: Surgery Branch and Cardiology Branch ,

National Heart and Lung Institute

Project Description: Between 1967 and 1971, 277 cloth-covered prostheses were

implanted in 245 patients, and postoperative hemodynamic studies were performed in

157. The prototype prostheses (2300, 6300) were hemodynamically unsatisfactory,

butwith the improved later models (2310, 6310) the average aortic peak systolic

gradient was 16 mm. Hg, and the mitral mean diastolic gradient was 5 mm. Hg.

Emboli were considerably reduced compared to uncovered valves, even though per-

manent anticoagulation was not always used. For the 2300/6300 series, there were

14 definite and 4 probable emboli in 2152 patient-months; essentially the same in-

cidence was observed in the 2310/6310 series where there were 6 definite and 2

probable emboli in 1026 patient-months. 27 prostheses implanted for an average of

20 months were examined late. All were overgrown by a layer of collagen, al-

though the amount of collagen deposited and its location was variable. Significant

cloth wear was seen in 2 valves. Valves with a close clearance between the ball

and the metal struts were used in 8 patients. There were 5 early deaths; in 3,

limited ball mobility was unequivocal.

Honors and Awards: None

Publications: Accepted for publication in Supplement to Circulation. To be

published April 1972.
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Serial No. NHLI-230(e)
1. ODIR
2. Pathology Section

3. Bethesda, Mar/land

PHS-NIH
Individual Profeet Report

July 1, 1971 through June 30, 1972

Project Title: The Diffuse Nature of Coronary Arterial Atherosclerosis In Fatal

Acute Myocardial Infarction

Previous Serial Number: None

Principal Investigotor: William C. Roberts, M.D.

Other Investigators: L. Maximilian Bujo, M.D.

Cooperating Units: None

Project Description: Since the introduction of bypass grafts, knowledge of the dis-

tribution of coronary arterial atherosclerotic plaques has become essential. To

determine the extent of atherosclerosis, the entire right, left anterior descending

and left circumflex coronary arteries were examined histologically (3 six-micron

thick sections per 0.5 segment) in 107 patients (aged 26-90 years {average 60j )

with fatal acute myocardial infarction. Of the 3 major coronary arteries, the aver-

age number per patient narrowed > 75% by old atherosclerotic plaques was as

follows: 2.4 in 74 patients with transmural necrosis, 2.1 in 9 patients with subendo-

cardial necrosis and 2.4 in 24 patients who died suddenly (<6 hours after onset of

symptoms, no myocardial necrosis). Of the several thousand sections of coronary

arteries examined in the 107 patients, only 4 sections were free of old plaques,

and 3 of them had coronary emboli. Thus, coronary arterial atherosclerosis is a

diffuse disease. The degree of luminal narrowing may vary, but some degree of

atherosclerotic ploquing is present diffusely.

Awards and Honors: None

Publications: Published as an abstract in American Journal of Cardiology 29:

287, 1972.
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Serial No. NHLI-231(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Anatomic Studies on Cloth-Covered Starr-Edwards Prosthetic

Valves Implanted for Longer than Two Months

Previous Serial Number: None

Principal Investigator: William C. Roberts, M.D.

Other Investigators: R. L. Reis, M.D.
V. J. Ferrans, M.D., Ph.D.

A. G. Morrow, M.D.

Cooperating Units:

Project Description: Little anatomic data is avorlable on the fate of cloth-covered

struts of Starr-Edwards prostheses implanted for long periods. Of 27 prostheses im-

planted for 3 to 44 months (average 20) in 23 patients, 7 were recovered at reopera-

tion and 16 at necropsy. Eighteen were aortic prostheses (14 model 2300, 4 model

2310), 8 were mitral (5 model 6300, 3 model 6310) and 1 tricuspid (model 2300).

Each of the 27 prostheses showed some degree of tissue growth over the cloth of the

struts and bases by histologic examination, although grossly some struts appeared free

of tissue covering. The initial deposit appeared to be fibrin-platelet thrombi,

usually at the apices of the cages. This rrKiterial organized into dense fibrous tissue

containing fibroblasts, and, rarely, vascular channels and mononuclear cells. Elec-

tron microscopy (2 prostheses) showed that the organized tissue consisted of collagen

fibrils with occasional fibroblasts. The amount of tissue growing over the struts was

not proportional to the length of the implantation period, and it was not more ex-

tensive in mitral as compared to aortic prostheses or vice versa. Wear of cloth on

the struts was observed in 2 of the 27 prostheses, both aortic, implanted for 16 and

25 months, respectively.

Honors and Awards: None

Publication: Published as abstract in American Journal of Cardiology 29: 287, 1972
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Serial No. NHLI-232(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Titles The Left Ventricular Papillary Muscles

A description of the normal and a survey of Conditions

causing them to be abnormal

Previous Serial Number: None

Principal Investigator: William C. Roberts, M*D.

Other Investigators: Lawrence S. Cohen, M.D.

Cooperating Units: Cardiology Branch, NHLI

Project Description: This study reviews the normal anatomy of the papillary muscle

and the conditions which cause them to function abnormally. It is pointed out

that left ventricular dilatation from any cause is probably the most common cause of

"papillary muscle dysfunction". This may or may not be associated with transient

ischemia which in itself may lead to papillary muscle dysfunction without associated

left ventricular dilatation. The left ventricular free wall adjacent to the papillary

muscle may be either fibrotic or necrotic and yet the patient may have gross papil-

lary muscle dysfunction. The mechanism of mitral regurgitation in hypertrophic

cardiomyopathy is probably related in some way to dysfunctioning of the papillary

muscles. It would appear that the bending of these structures by the very small

left ventricular cavity in this entity is a responsible mechanism. This study also

pointed out that although coronary arterial lumenal narrowing is by far and away
the most common cause of fibrosis or necrosis of the papillary muscles that a number

of conditions unassociated with any significant lumenal narrowing of the coronary

arteries may be associated with considerable papillary muscle necrosis or fibrosis.

Shock from any cause but particularly from acute valvular regurgitation from infective

endocarditis is a common cause of papillary muscle necrosis. Chronic anemia, left

ventricular outflow obstruction of various types, systemic hypertension, origin of

the left coronary artery or both coronary arteries from the pulmonary trunk, primary

endocardial fibroelastosis of left ventricle, the African heart disease endomyocardial

disease, occasionally idiopathic cardiomegaly and the neurogenic heart diseases all

have an increased tendency to be associated with fibrosis or necrosis of the left

ventricular papillary muscles. Rupture of a papillary muscle is for practical pur-

poses only occurring in patients with severe coronary arterial luminal narrowing.

Rupture of the whole trunk of a papillary muscle is incompatable with life whereas
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rupture of a portion of a papillary muscle is the result of acute myocardial infarction

but it in itself is extremely infrequent. The papillary muscles are prone to any of

the infiltrative diseases just like any other portion of the heart. Cases with pyogenic

abscesses, granulomas, amyloid, neoplasm, calcium, iron, and other deposits which

involve papillary muscles were summarized in this study. Congenital malformations

of the papillary muscles may occur, the most common by far is the presence of only

1 left ventricular papillary muscle. This condition, also called the parachute mitral

valve, is probably the most common cause of congenital mitral regurgitation. Left

ventricular aneurysm at the site of excision of a left ventricular papillary muscle

was found in several patients who had undergone mitral valve excision because of

valve replacement.

Honors and Awards: None

Publications: This study has been accepted for publication in Circulation.
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Serial No. NHLI-233(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Frequency and Significance of Coronary Arterial Thrombi and

Other Observations in Fatal Acute Myocardial Infarction - A Study

of 107 Necropsy Patients

Previous Serial Number: None

Principal Investigator: William C. Roberts, M.D.

Other Investigators: L. Maximilian Buja > M.D.

Cooperating Units: None

Project Description: Observations made from histologic study of the entire extramural

coronary arterial tree are described in 107 patients who died of acute ischemic heart

disease: 74 had transmural left ventricular myocardial infarction; 9 had necrosis

limited to the inner one-half of the left ventricular myocardium (subendocardial in-

farcts); and 24 died suddenly ( •^ 6 hours from onset of symptoms of myocardial

ischemia) without histological ly-detectable myocardial necrosis. Old atherosclerotic

plaquing was diffuse and extensive in the extramural coronary arteries in 104 of the

107 patients. The lumens of at least 2 of the 3 major (right, left anterior descending,

and left circumflex) extramural coronary arteries were narrowed ^75 percent by old

atherosclerotic plaques in 101 of the 107 patients; the number (3 per patient) of

major coronary arteries narrowed > 75 per cent averaged 2.3 in the 74 patients with

transmural infarcts, 2.2 In the 9 with subendocardial infarcts, and 2.3 in the 24

patients who died suddenly.

Coronary arterial thrombi were found in 40 (54%) of the 74 patients with trans-

mural necrosis, in none of the 9 with only subendocardial necrosis, and in 2 (8%) of

24 who died suddenly. In 37 of the 42 patients with antemortem coronary arterial

clots, the lumen of the vessel containing the thrombus was already narrowed yJS
percent by old atherosclerotic plaques at or distal to the thrombus. The infrequency

of coronary thrombi in patients dying of acute cardiovascular collapse without myo-
cardial necrosis, in those in whom necrosis was limited to subendocardium, in those

dying without cardiogenic shock or congestive cardiac failure, and their occurrence

at, or proximal to, sites already severely narrowed by old atherosclerotic plaques

suggests that coronary thrombi are consequences rather than causes of acute myocardial

infarction. The occurrence of components of thrombi, i.e., fibrin and platelets, in
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old atherosclerotic plaques and the finding of components of old atherosclerotic

plaques, i.e., foam cells, cholesterol clefts, pultaceous debris, and calcific deposits,

in known thrombi (for example, those located in the left atrium of patients with

mitral stenosis) strongly suggest, however, that old atherosclerotic plaques are derived,

at least in part, from organization of thrombi.

Hemorrhages into old atherosclerotic plaques occurred in extramural coronary

arteries in 26 of the 107 patients but in only 1 patient did they appear to actually

cause luminal narrowing. The relationship between plaque hemorrhages and thrombosis

in coronary arteries remains an unsettled question.

Atherosclerosis is a disease of extramural coronary arteries and spares the intra-

mural coronary vessels.

Honors and Awards: None

Publications: Published in Americal Journal of Medicine 52: 425-443, April 1972.
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1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Coronary Arteries in Fatal Acute Myocardial Infarction

Previous Serial Number: None

Principal Investigator: William C. Roberts/ M.D.

Other Investigators: None

Cooperating Units: None

Project Description: Various structural features of the coronary arteries in fatal

acute myocardial infarction (AMI) are reviewed. The coronary arteries are diffusely

involved by atherosclerotic plaques in fatal AMI. The degree of luminal narrowing

may vary but some degree of plaquing is present in every millimeter of extramural

coronary artery. Usually the lumens of at least 2 of the 3 major coronary arteries

are narrowed 75% by old plaques in patients who die suddenly ( 6 hours) from

cardiac disease (no myocardial necrosis) and in those with myocardial necrosis. Coronary

thrombi occur in about 10% of patients who die suddenly or In whom necrosis is

limited to left ventricular subendocardium, and in about 50% of patients with transmural

myocardial necrosis. Coronary thrombi usually indicate the presence of shock or con-

gestive heart failure or both during the development of myocardial necrosis. The In-

frequency of coronary thrombi in patients dying suddenly of cardiac disease and in

those with transmural necrosis who never have shock or congestive heart failure suggest

that the thrombi may be consequences rather than causes of AMI.

Although it may not precipitate AMI, coronary thrombosis may still be the under-

lying cause of the atherosclerosis. The finding of fibrin deposits In old atherosclerotic

plaques and the finding of atherosclerotic type lesions (cholesterol clefts, foam cells,

pultaceous debris, calcific deposits) in organized known thrombi (as In the left atrium

in mitral stenosis) suggest a strong relationship between thrombus and atherosclerosis.

Coronary arterial emboli ore not rare; they are located In distal portions of the

coronary tree and are present In the small epicardlal branches as well as in intramural

coronary arteries. In contrast, coronary thrombi are located in proximal portions of

major extramural vessels, are infrequent In the small epicardlal branches, and are ab-
sent in intramural coronary arteries. Coronary atherosclerosis Is limited to the extra-
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mural coronary arteries and spares the intramural coronary arteries.

Honors and Awards: None

Publications: Published in Circulation 45: 215-230, January 1972
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Serial No. NHLI-235(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Pathology of Acute Myocardial Infarction

Previous Serial Number: None

Principal Investigator: William C. Roberts, M.D.

Other Investigators: None

Cooperating Units: None

Project Description: This report reviews the pathologic aspects of acute myocardial

infarction. Emphasis is placed not on myocardium but on the coronary arteries. It

is pointed out that thrombus is rarely found in patients who die suddenly (acute cardio-

vascular collapse without myocardial necrosis) and in those individuals in whom the

area of necrosis is limited to subendocardium. In patients with transmural left ventri-

cular myocardial neerosis/ the frequency of a thrombus in the coronary arteries in the

fatal necropsy cases is about 54%. When the patients with thrombus in a coronary

artery are compared to those without a thrombus in a coronary artery it becomes ap-

parent that the incidence of cardiogenic shock or severe congestive heart failure is

far greater in that group than in the patients without a thrombus. It is concluded

that the thrombus in a coronary artery is a consequence of the necrosis rather than

the cause of the myocardial necrosis. Thus, the term "coronary thrombosis" is not

the proper name for the condition we now call acute myocardial infarction. Al-

though James Herick described the features of acute myocardial infarction nearly 60

years ago it has taken all this time to discard the thesis, and it is far from over yet,

that coronary thrombus is the cause of acute myocardial infarction.

Honors and Awards: None

Publications: Published in Hospital Practice 6: 88-104, December 1971.
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Serial No. NHLI-236(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Papillary Muscle Necrosis in Active Valvular Infective Endocarditis

Previous Serial Number: None

Principal Investigator: William C. Roberts, M.D.

Other Investigators: Neil A. Buchbinder, M.D.

Cooperating Units: None

Project Description: Left ventricular papillary muscles (PM) were examined histo-

logically in 41 patients (30 male, 11 female, aged 5 to 70 years ^average 41J )

who died of active infective (I) endocarditis (E). Necrosis was present in 1 or

both left ventricular (LV) PM in 33 patients, diffuse in 6 and focal in 27. Of 17

anterior right ventricular papillary muscles examined, 8 had necrosis, diffuse in 2 and

focal in 6. PM necrosis was not dependent on the site of vegetations: 12 of 14

patients with isolated aortic valve vegetations, 5 of 9 with isolated mitral valve

vegetations, and 2 of 4 with isolated tricuspid valve vegetations had LV PM necrosis.

Only 1 patient had significant narrowing of extramural coronary arteries, and in

only 2 of 5 patients with emboli to intramural coronary arteries were emboli seen

in involved PM. No patient with PM necrosis had necrosis of the free wall of LV

beneath the PM. Valvular dysfunction with congestive cardiac failure occurred in

28 of 33 patients with and in 3 of the 8 patients without PM necrosis (p = 0.015).

PM necrosis in active IE appears to be a consequence of congestive cardiac failure

(CHF) rather than a cause of CHF in this condition.

Honors and Awards: None

Publications: Published as an abstract in The American Journal of Cardiology

29: 287-288, 1972
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1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Right-Sided Valvular Infective Endocarditis:

A clinico-pathologic study of 12 necropsy patients

Previous Serial Number: None

Principal Investigator: William C. Roberts, M.D.

Other Investigators: Neil A. Buchbinder, M.D.

Cooperating Units: None

Project Description: Clinical and necropsy features are described in 12 patients

with infective endocarditis (IE) involving right-sided cardiac valves. In 6 patients

IE was limited to the tricuspid valve; In the other 6, vegetations also were present

on one left-sided cardiac valve but in only 1 of them was the IE definitely primary

on the left side of the heart. The tricuspid valve was the site of IE in 11 patients

and the pulmonic valve in 1. The organisms responsible for the IE were Staphylo -

coccus aureus in 6 patients, Diplococcus pneumoniae in 4, alpha Streptococcus in 1

and Aspergillus flavus in 1. Five patients were alcoholics, 4 were heroin addicts,

2 had blood dyscrasias, and 1 had congenital cardiac disease (ventricular septal de-

fect). The IE in each of the 9 patients with alcoholism or heroin addiction and the

1 with congenital heart disease was primary in the heart; in the remaining 2 patients,

the IE was secondary to generalized infection affecting many body organs.

Acute pneumonia was a dominant clinical feature in 10 of the 12 patients, and

appeared to be secondary to dislodgement of material from the right-sided cardiac

vegetations. Six patients also had acute meningitis. Although the vegetations

caused considerable damage to the right-sided cardiac valves, evidence of cardiac

dysfunction was either absent or attributable to acute cor pulmonale secondary to the

acute pneumonia. Attention is called to the common tetrad of chronic alcoholism,

acute pneumonia, acute meningitis and IE. In 9 of 12 patients the right-sided vege-

tations did not extend to involve the basal attachments of the leaflets to the onnulae.

Thus, in these 9 patients total excision of the valve leaflets would have eradicated

the valvular endocarditis in them.

Honors and Awards : None

Publications: Accepted for publication in the American Journal of Medicine. It will

appear in the July 1972 issue.



Serial No. NHLI-238(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Electron Microscopy of Myocardium in Hypertrophic

Obstructive Cardiomyopathy

Previous Serial Number: None

Principal Investigator: Victor J. Ferrans, M.D., Ph.D.

Other Investigators: A. G. Morrow, M.D.
W. C. Roberts, M.D.

Cooperating Units: Surgery Branch, National Heart and Lung Institute

Project Description: Electron microscopic studies have been made of cardiac muscle

resected surgically from the area of the left ventricular outflow tract in 14 patients

with hypertrophic obstructive cardiomyopathy. The electron microscopic abnormalities

were similar in all 14 patients and consisted of variable degrees of disorientation of

the arrangement of myofibrils. These changes were most prominent in peripheral

portions of the cells. These cells were abnormally short and wide, and often showed

marked branching. These abnormalities were not observed in biopsies of apical myo-
cardium taken from 2 of these patients.

Our observations in patients with hypertrophic obstructive cardiomyopathy demon-
strate that the cells in the area of the left ventricular outflow tract undergo a form

of hypertrophy that differs from that seen in other types of heart disease, in which

normal myofibrillar arrangement is maintained. The abnormal pattern of myofibrillar

arrangement in hypertrophic obstructive cardiomyopathy is sufficiently distinctive to

allow diagnosis to be made from the electron micrographs. These observations suggest

the possibility that the primary defect in hypertrophic obstructive cardiomyopathy

may be localized to a group of cells in the upper portion of the ventricular septum,

and that an abnormality in the control mechanism for myofibrillar formation in these

cells may be the basic cause of hypertrophic obstructive cardiomyopathy.

Honors and Awards: None

Publications: Published in Circulation 45: 769-792, April 1972
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1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Spleen in Type I Hyperlipoproteinemia. Histochetnical, Bio-

chemical, Macrofluorimetric and Electron Microscopic Observations

Previous Serial Number: NHL! - 46 (C)

Principal Investigator: Victor J. Ferrans, M.D., Ph.D.

Other Investigators: L. Maximilian Buja, M.D.
William C. Roberts, M.D.
Donald S. Fredrickson, M.D.

Cooperating Units: None

Project Description: Histochemical, biochemical, microfluorometric and electron

microscopic studies were made of the spleen of a patient with type I hyperlipo-

proteinemia. Foam cells were observed that contained a material identified as

ceroid on the basis of its autofluorescence, acid-fastness, sudanophilia, PAS-

positivity and insolubility in organic solvents. Electron microscopy showed that

the ceroid was organized in the form of granules with concentric lamellae of

irregular periodicity. The process of formation of these granules is described in

detail. The ceroid was considered to represent nondlgestible end products of the

metabolism of chylomicrons taken up by macrophages in splenic sinusoids.

Honors and Awards: None

Publications: Published in American Journal of Pathology 64: 67-96, 1971
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Serial No. NHLI-240(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Myocardial Ultrastructure in Acute and Chronic Hypoxia

Previous Serial Number: None

Principal Investigator: Victor J. Ferrans, M.D., Ph.D.

Other Investigators: William C. Roberts, M.D.

Cooperating Units: None

Project Description: Ultrastructural changes in acute myocardial hypoxia consist

of loss of glycogen, intracellular edema, dilatation of sarcoplasmic reticulum and

mitochondrial damage. The severity of myofibrillar lesions varies according to

the mechanism by which hypoxia is produced. Changes similar to those of hypoxia

also result from various toxic disturbances of oxidative processes in mitochondria.

Alterations in chronic hypoxia are characterized by a mixture of degenerative and

regenerative changes, by a large increase in the volume fraction of mitochondria,

and by the development of myocardial hypertrophy.

Honors and Awards: None

Publications: Book Chapter in Metabolism of the Hypoxic and Ischaemic Heart
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Serial No. NHLI-241(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Ultrastructural Studies of Myocardial Biopsies in 31 Patients

with Non-Obstructive Cardiomyopathies

Previous Serial Number: None

Principal Investigator: Victor J. Perrons, M.D., Ph.D.

Other Investigators: G. I. Shugoll, M.D.
R. A. Massumi, M.D.
N. Ali, M.D.
W. C. Roberts, M.D.

Cooperating Units: None

Project Description: Ultrastructural studies were made of myocardial biopsies in

31 patients with non-obstructive cardiomyopathies (13 with congestive cardiomyo-

pathy associated with chronic alcoholism, 7 with congestive cardiomyopathy not

associated with chronic alcoholism, and 11 with cardiomyopathies secondary to

systemic illnesses). Biopsy in 1 patient revealed thickened endocardium only. The

reamining 30 biopsies showed varying degrees of hypertrophy, interstitial fibrosis,

and nonspecific degenerative changes that involved the sarcoplasmic reticulum, the

T system and the mitochondria. Abnormalities of myofibrillar orientation were minimal

and occurred in only 3 biopsies. Damaged capillaries were found in 9 biopsies.

Nuclear and nucleolar abnormalities were found in 2 patients from whom Coxsockie

viruses were isolated. Tubular structures were present within endothelial cells in

a patient with polymyositis and a patient with thyrotoxicosis. Thickening of capil-

lary basement membranes was observed in a patient with diabetes mellitus. Alco-

holic and non-alcoholic patients with congestive cardiomyopathy could not be dif-

ferentiated on the basis of morphologic findings. All biopsies showed considerable

artifacts at the electron microscopic level. These artifacts caused difficult problems

in the evaluation of findings.

Honors and Awards: None

Publications: Accepted for publication in Proceedings of International Symposium

on Preventive Myocardlology and Cardiac Metabolism, Nairobi,

Kenya, 1971
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1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Ultrastructural Studies of Myocardial Biopsies in 45 Patients

with Obstructive or Congestive Cardiomyopathy

Previous Serial Number: None

Principal Investigator: Victor J. Ferrans, M.D., Ph.D.

Other Investigators: Rashid A. Massumi, M.D.
G. I. Shugoll, M.D.
N. Ali, M.D.
William C. Roberts, M.D.

Cooperating Units: Laboratory of Cardiology, D.C. General Hospital,

Washington, D.C.

Project Description: Studies of myocardial ultrastructure were made in 1) operative-

ly obtained biopsies from 14 patients with hypertrophic obstructive cardiomyopathy

and 2) Konno and MenghinI type biopsies from 31 patients with non-obstructive

cardiomyopathies of various causes. Morphological artifacts were present in all

biopsies, but were more severe In specimens obtained by Menghini than by Konno

biopsy techniques and were minimal in operative biopsies.

In addition to non-specific changes of hypertrophy, fibrosis and cellular degenera-

tion, tissues from left ventricular outflow tract areas in all patients with hypertrophic

obstructive cardiomyopathy showed consistent, distinctive abnormalities that involved

the organization of cellular bundles, the location and extent of intercellular junc-

tions, the orientation of myofibrils and the arrangement of myofilaments.

Myocardial biopsies in patients with non-obstructive cardiomyopathies showed

hypertrophy, fibrosis and degenerative changes. Abnormalities of myofibrillar ori-

entation were found only in 3 biopsies and were minimal. Edematous and damaged
capillaries were found in 9 biopsies and may be a factor responsible for the develop-

ment of focal myocardial necrosis In patients with cardiomyopathies. Morphologic

findings In patients with other types of congestive cardiomyopathy. The degree to

which degenerative changes occurred In individual biopsies generally correlated with

the duration and severity of the patient's heart disease.
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Honors and Awards: None

Publications: Accepted For publication In Proceedings of International Symposium

on Cardiomyopathies, Cape Town, 1971
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Serial No. NHLI-243(c)
1. ODIR
2. Pathology Section

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Morphologic Observations on the Cardiomyopathies

Previous Serial Number: None

Principal Investigator: William C. Roberts, M.D.

Other Investigators: Victor J. Ferrans, M.D., Ph.D.

Cooperating Units: None

Project Description: Summarized in this report are observations of over 500 patients

with various types of cardiomyopathy. Necropsy observations in 34 patients with

unequivocal idiopathic cardiomegaly of the dilated type are described. Of
importance here was the observation that the myocardial fibers, by gross, light

and ultrastructural examination, were entirely non-specific. A question was

raised, however, as to how much coronary arterial luminal narrowing could be

present and still the diagnosis of idiopathic cardiomegaly be justified. Twenty-

eight patients with the hypertrophic type of cardiomyopathy were described. In

contrast to the dilated type, the asymmetric or hypertrophic type is entirely diag-

nostic. The ventricular septum in this condition is unequivocally thicker than the

left ventricular free wall, the left ventricular cavity is small, the mitral valve

Is thickened, and a mural endocardial plaque is present In the left ventricular out-

flow tract. Also, histologic and electronmicroscopic examination of muscle in the

ventricular septum is diagnostic. The myocardial fibers have an abnormal orienta-

tion one to another and this is not observed in the left ventricular free wall. Six

patients with endomyocardial disease and eosinophilia were described. It was

pointed out that this condition may be related to endomyocardial fibrosis which

has been described in the African. Several Infiltrative types of cardiomyopathies

were discussed. It was pointed out that there are many causes for giant cells in

the wall of the heart although sarcoidosis is probably the most common. The heart

in a number of systemic diseases including the collagen diseases, infections, endo-

crine disorders, metabolic deficiencies, etc., were described. No new observations

were mode other than the ultrastructural appearance of myocardium in patients with

several drug intoxications.

Honors and Awards: None

Publication: Chapter In book entitled Cardiomyopathies, ed. by Noble Fowler,

M.D., to be published by Grune-Stratton, 1972. . -



ANNUAL REPORT OF THE

SECTION ON EXPERIMENTAL ATHEROSCLEROSIS
NATIONAL HEART AND LUNG INSTITUTE
July I, 1971 through June 30, 1972

The efforts of this section over the past year have been directed mainly
toward continuation of the activities outlined last year, development of new
experimental approaches, and the recruitment of new scientific resources.

The section's name (formerly the Section on Clinical Biophysics) was changed
to reflect more accurately the target of these activities; namely, a coordi-
nated attack on problems related to the arteriosclerotic processes in a varie-
ty of animal models, such as the dog, pig and primates (including man). This

year we completed a 4-year study representing the first phase of our experi-
mental atherosclerosis program. The salient results of the studies may be
summarized as follows:

I. The blood-vascular interface manifests important physiologic responses to

adjacent hemodynamic events.

A. The vascular interface responds to increased exposure to hydraulic
shearing stresses by changing its permeability to various macro-
molecules, and in particular to proteins.

B. The endothelial-cell patterns orient and deform to reflect adjacent
blood flow patterns.

C. Areas of endothelial surface exposed to chronically elevated shear
stress or blood velocity respond by an increased laying down of

highly-oriented structural protein in the immediately subendothelial
region.

D. The laying down of structural proteins appears to be a relatively
normal process which begins in the fetal state and increases pro-
gressively with age and continued exposure to hydraulic stress.

II. The blood-vascular interface responds to mechanical injury in a character-
istic manner.

A. In the areas exposed to shearing stresses in excess of about 400
dynes/cnf the endothelial surface deteriorates and becomes eroded.

B. This erosion is followed by the deposition of a thin layer of plate-
lets and some fibrin which covers the subjacent intimal tissues and
remains relatively stable for a matter of days to weeks.

C. A cellular covering creeps over the injured surface from adjacent un-
injured areas such that a multilayered, atypical endothelial layer

of cells (in which mitoses are evident) is laid down.

D. This thickened cellular layer becomes stabilized (mitotic activity
disappears) in about 3 to 4 weeks and it gradually evolves into the
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classic picture of intimal thickening with longitudinally oriented
smooth muscle and connective tissue.

III. Intimal lipid deposition appears to be related to mechanical factors,
serum cholesterol levels, and local tissue factors.

A. Excessive lipid is deposited in the intima of arteries in regions

exposed to an increased shearing stress.

B. Lipid deposition begins relatively earlier particularly in man and

pig, and tends to spare regions wherein the aforementioned intimal

fibrous subendothelial sheaths of tissue have already developed,
(suggesting that these areas of highly oriented subendothelial
connective tissue are less permeable to, or exclude serum proteins)

•

C. The degree of lipid deposition correlates with an atherogenic index

(product of serum cholesterol level times duration of exposure)

.

D. Areas of prior injury tend to have a propensity for lipid deposition.

E. Although the topography of sudanophilia in the intimal surface has

the same general topography as the fibrotic processes associated
with increase shear exposure, the sudanophilia tends to spare the
aforementioned oriented fibrous structures, giving the sudanophilic
pattern around orifice regions characteristic shapes (which appear to

be unique to each orifice in each type of animal preparation)

.

Fo We have found no evidence that the atherosclerotic processes are
inherently different among different species, i.e., while there are
marked quantitative differences in the relative amounts of lipid,
cellular constituents, etc., there do not appear to be any qualita-
tive differences.

Pursuit of these observations in order to gain deeper insight into the
underlying physical and chemical processes has made necessary the development
of new experimental approaches and the recruitment of scientific talent and
resources from other groups. Our major efforts in the development of new
experimental approaches have been directed toward setting up a chemistry
laboratory for the study of lipids and proteins and toward the development of

a valid in vitro preparation for the study of lipoprotein transport across the
endothelial surface. The section is fortunate in having Dr. Robert Mahley
join us in the area of lipoprotein chemistry. His studies have shown that the
swine lipoproteins are quite similar to those of man which correlates well
with the prior observations that swine atherosclerosis also closely resembles
than in man. Canine lipoproteins, on the other hand, have shown considerable
divergence from the patterns seen in man. A finding of considerable interest
has been that the severity of atherosclerosis in the dog appears to correlate
specifically with one particular lipoprotein. This protein appears to carry
considerable cholesterol but as yet can not be characterized as either VLDL or
LDL in the usioal sense.
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The study of transendothelial protein transport has continued to be a

top priority project. Ideally one would like to be able to make such meas-
urements in vivo . Unfortunately we have not had any great success in this

approach. There appears to be no way to control the numerous variables in

the in vivo situation well enough that any interpretable results can be
gained. Consequently, we have made a major effort in developing an in vitro
system for studying the transport processes. We have found that with rather
elaborate precautions it is possible to isolate and study freshly removed
blood vessels for periods of at least 80 minutes to 2 hours without any evi-
dence of endothelial degeneration. The conductance of the surface appears
to remain constant at levels no greater than the approximate measurements
obtained in vivo , the pH remains at 7.35 for this period, and electron micro-
scopic examination shows no evidence of opening of endothelial cell junction,
degeneration of cell membranes or alteration of other organelles. The condi-
tions under which this can be achieved are as follows: Autologous seriam must
be prepared prior to removal of the vessel. The vessel must be removed rapid-
ly under minimal anesthesia and immediately submerged in autologous seriam;

wherein it is opened longitudinally and placed into a special holding device
as a flat sheet with the endothelial surface upward taking care that the sur-

face is maintained submerged in autologous sertam. Following this the vessel
is stretched to its in vivo dimensions and the entire assembly placed in a
chamber in which both the temperature and humidity are controlled. A parti-
tioning device is placed on the endothelial surface of the opened vessel
which divides the surface into a nvmiber of cells in which both the liquid
milieu and gas tensions can be individually controlled.

The protein flux across the endothelial surface is measured at present
using 2 tagging techniques. One is the use of Evans blue dye to tag albumin.
We have developed reflectometric techniques to quantify the amount of Evans
blue dye that has passed across the endothelial surface in a given unit of

time. The other tag that is used is radioactive iodine. We have developed
a method of measuring the flux of radioactive iodine using a collimated
scintillation probe which can be used for scanning the opened vascular svir-

face. In addition to these techniques for measurement of transendothelial
flux, techniques are also being devised to study the fine structure of the
transport processes using tracer molecules such as ferratin, horseradish
perioxidase and catalase, mercaptalbxmin and proteins tagged with seleno-
methionine substituted proteins. The fluK and distribution of these tags
will be quantified using the electron probe analysis system on an electron
microscope.

A number of physiologic studies are being carried out, many of which are
the in vivo counterparts of the more carefully controlled in vitro studies
described above. Among these perhaps the two most interesting are those in
which the flux of Evans blue-tagged albumin across the endothelial surface is

being studied under the influence of a nuniber of imposed hemodynamic condi-
tions, such as altered flow patterns and altered stress patterns. It appears
that both increased exposure to pressure and to flow will cause an increased
flux of albumin into the aorta and its major branches. The coronary tree
appears to be particularly susceptible to increases in pressure

o
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A fairly ambitious program is under way in which the velocity profiles
along the aortic tree and its major branches are being mapped using an im-

proved heated film anemometer in conjunction with computer processing to de-
termine the topographical distribution of shearing stresses on the vascular
interface.

As indicated earlier the spectrum of questions that have been raised by
the observations listed earlier exceeds the expertise, facilities and avail-
able man hours of this section. For this reason we have gone to considerable
effort to recruit a new resources to tackle these questions. These have been
both intramural and extramural o Collaborative studies have been set up with
the people interested in connective tissue chemistry and metabolism in the

Dental Institute. The initial thrust of this collaborative effort has been
to characterize the connective tissue components of the arterial tree, first
in the pig and dog and then subsequently in primates and man. To this end we
have established a control colony and a lathyrogenic colony of animals both
groups of which have been placed on a normal as well as atherogenic diet. Al-
though these studies are only beginning we have preliminary evidence that the
lathyrogenic animals tend to develop more atherosclerosis. These studies
were prompted by the observations cited earlier that there appears to be a
reciprocal relationship between the deposition of lipid and the appearance of

highly-oriented (cross -linked) collagen.

Our collaborative efforts with the Pathology Section in the National
Heart and Lung Institute have continued to grow and this year we were fortu-
nate to have Dr. Louis M. Buja join us, who has taken the lead in our htmian

pathology program. The initial phases of this program have been designed to
establish the detailed topographic distribution of lipid deposition in the
aorta and major vessels of human subjects and to correlate these patterns with
histologic and histochemical studies. These studies should help establish
connections between the hirnian disease processes and our experimental animal
programs. Preliminary results indicate striking similarities between many
aspects of the human disease and that induced in animals.

A collaborative effort has also begun with the Division of Research
Services to establish a primate colony for study of experimental athero-
sclerosis in the Patas monkey and subsequently in other species. This pro-
gram is only beginning. The colony of monkeys are scheduled to arrive this
summer.

In addition to the above collaborative efforts we are also in the process
of seeking contracts with other academic institutions to carry out extensions
of our canine and porcine experimental atherosclerosis programs in genetically
documented animals. The major initial thrust will be to establish, once and
for all, the differences in detailed topography, histology and chemistry that
occur with sex, age, diet and degree of physical activity. This represents a
very large amount of fairly dull but essential research that must be done so
that we may verify or refute many of the observations which we have made
earlier from our less extensive program. These more comprehensive studies
will in addition establish baseline parameters which will act as a sound
foundation from which future studies can spring.
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While collaborative research and contract research are very much in the
spirit of Nd policy, this approach is associated with a good many adminis-
trative and diplomatic problems i«hich tend to be time consuming and drain
heavily on the time available for our own more inunediate interests t In retro*
spect this approach may not turn out to be as efficient and as productive an
approach li It would appear n^> Hopefully in the future more manpower and
spae@ can be provided this effort within the Intramural program, §ueh that
contract reieareh particularly In the area of experimental pathology will no
longer be n@e@i§aryi
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Serial No. NHLI-244
1. Office of Director of Intramural Research
2. Section on Experimental Atherosclerosis
3< Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The regression of various lipid crystals placed in the
arterial wall

Previous Serial Number: None

Principal Investigator: B. Gregory Brown, M.D., Ph.D.

Other Investigators: Joseph E. Pierce, DVM, and Donald L. Fry, M.D.

Cooperating Units: Section on Laboratory Animal Medicine and Surgery, NHLI

Project Description:
Objective: To study the rate of regression of minute slugs of various pure

lipids that are placed discretely in the arterial wall of dogs.
Methods Employed: A micro-injector was developed for inserting tiny

crystalline rods of various pure lipids of known dimensions into the
arterial wall. Under surgically sterile conditions thoracotomy was per-
formed and the thoracic aorta opened. Under direct visualization the
sharpened end of the injector was inserted at a shallow angle into the ex-
posed intimal surface and the contained lipid rod extruded with a fine
wire into or near the intimal tissues. Ten to twelve different lipid
rods could be inserted in a given surgical field. The exact location,
size and composition of these rods was carefully recorded and the vessel
resewn. The animal was then allowed to recover and maintained on a normal
diet. At various selected times postoperatively, varying from a few days
to 4 months, the animal was sacrificed and the test region in the thoracic
aorta removed. Gross appearance of the test field was recorded and the
tissues were processed for microscopic examination.

Major Findings: Although these data are preliminary it appears that both
cholesterol and cholesterol ester absorb slowly (0.2 mg/ 4 months), long-
chain triglycerides and fatty acids absorb somewhat more rapidly, and
phospholipids absorb much more rapidly.

Significance to Bio-medical Research and the Program of the Institute:
The formation of an atheromatous lesion represents an imbalance between
factors favoring the accumulation of lipid at a given arterial site, and
factors favoring its reabsorbtion into the bloodstream. These studies
represent a first step in determining the rate constant for the reabsorb-
tion from arterial tissue of each of the pure lipids in their crystalline
form.

Proposed Course of the Project: Continuation.

Honors and Awards : None o

Publications: None.
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Serial No. NHLI-245
1. Office of Director of Intramural Research
2. Section on Experimental Atherosclerosis
3- Bethesda, Maryland

PHS-NIH
Individual Project Report

July I, 1971 through June 30, 1972

Project Title: Vascular mechanics: arterial wall properties

Previous Serial Number: NHLI-34

Principal Investigator: Dali J- Patel, M.D., Ph.D.

Other Investigators: R.N. Vaishnav, Ph.D.

Cooperating Units: Department of Civil and Mechanical Engineering, The
Catholic University of America, Washington, D.C.

Project Description:
Objective: To study the nonlinear, viscoelastic properties of the blood
vessel under physiologic conditions with special emphasis on measurement
of "strain energy density."

Methods Employed: A segment of middle descending thoracic aorta was iso-
lated _in situ and connected to a reservoir filled with oxygenated blood
the height of which could be adjusted to impress a known pressure on the
segment. In addition a sinusoidal fluid displacement pump was connected
to this assembly to superimpose small sinusoidal pressures at various
frequencies (0-5 Hz); in another phase of the experiment small sinu-
soidal changes in length were imposed on the segment. The values of

pressure, longitudinal force and length of the segment were monitored
continuously using specially designed transducers. From these data, the
values of incremental elastic Ej) and viscous {E") moduli in the circum-
ferential (9), longitudinal (z) and radial (r) directions were calculated
around a given state of strain in the physiologic range.

Major Findings: 1) In general the viscoelastic moduli are functions of

initial stretches emphasizing the nonlinear behavior of the arterial wall.
2) Within the physiologic range of pressure, the vessel wall was aniso-
tropic, being stiffer and more viscous in the longitudinal direction.
3) The ratio of Ei'/Ei<.123 at 2 Hz indicating a relatively small viscous
component relative to the elastic component; however, the value of this
ratio was also largest in the longitudinal direction. 4) The elastic
moduli El increased markedly from 0-2 Hz and then settled down to a rela-
tively constant value; this was consistent with previously published data.
5) The study evaluating the nonlinear elastic properties of the aortic
wall is completed (see publications)

.

Significance to Bio-medical Research and the Program of the Institute:
Detailed experimental studies like this are essential for building a
mathematical theory to describe the vascular system which in turn would
complement our Section's program on experimental atherosclerosis. The
reasons for this are twofold: 1) The dynamic behavior of the vascular
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Serial No, NHLI-245

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

system depends critically upon the physical properties of the vessel wall

and its tethering mechanism. 2) Recent studies in our laboratory have
indicated that an increased strain energy density in the vessel wall may
act as a driving force to increase the flux of lipoproteins across the

vessel wall- Thus, it becomes important to establish the nature and

magnitudes of the vessel wall elastic moduli so that the strain energy
density of the wall can be calculated and compared to the distribution
of early experimental atheroma-

Proposed Course of the Project: 1) The study evaluating the nonlinear
elastic properties of the aortic wall is completed. This theory is now
being applied to study wall properties of veins transplanted in arterial
circulation in collaboration with Dr. Joseph C Greenfield's group at

Duke University. 2) Studies will be continued to provide an experimental
basis for a nonlinear viscoelastic theory of the blood vessel wall.

Honors and Awards:

Invited to contribute a chapter on Vascular Rheology in the forthcoming
book on Cardiovascular Fluid Dvnamics .

Publications:

Patel, D.J., and Vaishnav, R.N.: Rheology of large blood vessels.
Cardiovascular Fluid Dvnamics . Academic Press, Inc. London. (In press.)

Vaishnav, R.N., Young, J.T., Janicki, J.S., and Patel, D.J.: Nonlinear
anisotropic elastic properties of the canine aorta. Biophysical J. (In

press .)

Janicki, J.S., Patel, D.J., Young, J.T., and Vaishnav, R.N.: Rheologic
properties of blood vessels. Research Animals in Medicine . (In press.)
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Serial No. NHLI-246
1. Office of Director of Intramural Research
2. Section on Experimental Atherosclerosis
3- Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Mechanical behavior of large coronary arteries.

Previous Serial Number: NHLI-32

Principal Investigator: Dali J. Patel, M.D., Ph.D.

Other Investigators: Barry S- Gow, M.D.S., University of Sydney, Sydney,
Australia

Project Description:
Objective: To study: 1) the dynamic elastic properties and 2) the effect

of stress on permeability of the endothelial surface to proteins in the
left coronary artery.

Methods Employed: 1) Dynamic Elasticity Study . Pressure and diameter were
measured in 11 excised, saline-filled segments of the left circumflex
coronary artery (LCCA) , held at in vivo lengths. Diameter was measured
using an electrical caliper. The dynamic incremental modulus (E^) at a
mean pressure of 100 mm Hg was computed from the amplitude ratio of sinu-
soidal pressure (I p] ) and diameter changes (| Dq]) from 0.25 -10 Hz using
the expression

E,= 1.5
I
pl-D^i W.90/EI Dj -(Tfi-TF,)}

where Dj, and Di are mean outer and inner dianeter respectively and is the
phase lag of diameter behind pressure. 2) Protein Permeability Study .

The left coronary artery was perfused in situ at controlled pressure and
flow with oxygenated blood containing Evans blue dye (2 ml/ 100 ml) for one
hour. Blood was collected from the distal end of the left circumflex
coronary artery (LCCA) and the left anterior descending coronary artery
(LAD) . After the experiment was completed the endothelial surface of the
LCCA and LAD were examined for blue staining using a ref lectometer . The
endothelial surface of the right coronary artery was used as control.
From these data the staining density p was calculated as a measure of the
intimal surface concentration of Evans blue dye

Major Findings: Dynamic elasticity study , a) The mean value of E^ at 2 Hz
was 32.9 X 10^ dynes/craP . Beyond 2 Hz, E^yn increased with frequency by
approximately 2% per Hz. b) The ratio Ea/Es at 2 Hz was 1.8. These
values are consistent with those from other muscular arteries. 2) Protein
permeability study , a) The value of p increased with an increase in
transmural pressure or circumferential tensile stress or strain, as well
as an increase in shear stress and b) the effect of circumferential ten-
sile stress or strain was more marked than that of shear stress.

Significance to Bio-medical Research and the Program of the Institute: Al-
though the importance of hydrodynamic and rheologic factors in early
vessel damage has been recognized, its role has not been critically evalu-
ated in the coronary vascular bed to date. The present studies are
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PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

designed toward better understanding of the role of mechanical stress in
producing vascular diseases

•

Proposed Course of the Project: Both the studies described above are
essentially completed. Further studies are planned to measure wall
stress, centerline velocity and velocity profiles in the left coronary
circumflex artery.

Honors and Awards: None.

Publications: None.
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Serial No. NHLI-247
1. Office of Director of Intramural Research
2. Section on Experimental Atherosclerosis
3- Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Blood velocity profiles and wall shear in the aorta and its

major branches.

Previous Serial Number: NHLI-33

Principal Investigator: Dali Jo Patel, M.D., Ph.D.

Other Investigators: Donald Lo Fry, M.D., S. C. Ling, Ph.D., and H. Bulent
Atabek, Ph.D.

Cooperating Units: The Department of Space Science and Applied Physics,
The Catholic University of America

Project Description:
Objective: To measure and quantify 1) the blood velocity fields, 2) turbu-

lence, and 3) the interfacial shearing stress on the endothelial surface
along the major arteries of dogs through the cardiac cycle under various
conditions.

Methods Employed: Pressure, pressure gradient and radius were measured
continuously in the descending thoracic aorta of 5 dogs. A nonlinear
numerical technique (developed at Catholic University) was used to com-
pute centerline velocity, velocity profile and instantaneous blood flow
from the above measurements. A constant-temperature heated film anemome-
ter for measurement of velocity and an electromagnetic flowmeter were used
to test the results of the numerical technique.

Major Findings: In the descending thoracic aorta the method was capable of
predicting velocity profiles and wall shear under control conditions, and
during alteration of blood pressure brought about by either bleeding or
nor-epinephrine administration. The computed values of wall shear, center-
line velocity and flow checked with the directly measured values.

Significance to Bio-medical Research and the Program of the Institute: The
method provides a powerful tool in qtiantitative investigations of the
vascular system. It will help assess the role of hydrodynamic factors in
potentiating the development of atheroma in the major arteries.

Proposed Course of the Project: The study evaluating this technique in
straight segments of the aorta is completed. The next step will be to
evaluate it at branch sites such as the trifurcation of the aorta.

Honors and Awards: Invited to write a review on Hemodynamics in the Annual
„ ,. .

Review of Physiology. (March 1974.)
Publications:

Flaherty, J.T., Pierce, J.E., Ferrans, V.J., Patel, D.J., Tucker, W.K.,
and Fry, D.L. : Endothelial nuclear patterns in the canine arterial tree
with particular reference to hemodynamic events. Circ. Res. 30: 23-33,
Jan. 1972.
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Serial Noo NHLI-248
1. Office of Director of Intramural Research
2. Section on Experimental Atherosclerosis
3« Bethesda^ Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Development of canine and miniature swine experimental athero-
sclerotic animal colonies

Previous Serial Number: NHLI-39

Principal Investigator: Donald L. Fry, MoDo

Other Investigators: Joseph E. Pierce, DVM, Victor J. Ferrans, M.D., Ph.D.

Cooperating Units: Section on Laboratory Animal Medicine and Surgery, NHLI,
and Section on Pathology, NHLI

Project Description:
Objective: To develop colonies of dogs and swine with experimentally in-

duced atherosclerosis to be used as experimental models of human athero-
sclerosis. To produce atheroma by various surgical interventions.. To
evaluate the effect of hypothyroidism on the pattern of atherosclerosis
in minipigs.

Methods Employed: An atherogenic diet was used consisting of cholesterol,
cholic acid, 6-propylthiouracil and cottonseed oilo A group of 32 dogs
was thyroidectomized and then placed on the dieto Serum cholesterol,
triglycerides, lipoprotein electrophoretic patterns and thyroid function
were monitored at monthly intervals. Arteriovenous shunts were placed
in the femoral artery in 7 dogs and in the carotid artery in 8 dogs.
Thoracic aorta coarctation was performed on 8 dogs. Minipigs were a)

thyroidectomized and placed on an atherogenic diet (3) , b) placed on the
atherogenic diet only (2) and c) placed on a standard swine diet for
control purposes.

Major Findings: The thyroidectomized dogs showed a marked rise in serum
cholesterol, triglycerides and p-lipoproteins. Swine also developed
elevations of p-lipoproteins on the atherogenic diet both with and with-
out thyroidectomy. Arteriovenous shunts remained patent for 3-4 months.

Significance to Bio-medical Research and the Program of the Institute:

The establishment of canine and miniature swine colonies with experi-
mentally produced atherosclerosis is essential to studies of the patho-
genesis of arteriosclerotic cardiovascular disease. The evaluation of

the role of hypothyroidism in the localization of atheroma in minipigs
is important in the interpretation of the data that can be obtained from
hypothyroid atherosclerotic dogs, as well as for evaluation of the role
of other tissue factors involved in the localization of lipid deposition.

Proposed Course of the Project: Further comparative studies of the detailed
topography of lipid deposition, collagen deposition and smooth muscle
proliferation will be carried out to elucidate the role of tissue factors.
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PHS-NIH
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July 1, 1971 through June 30, 1972

The interrelations of these processes as well as their relation to
mechanical factors will be studied. Based on our initial observations of
femoral artery shunt compared to carotid artery shunts, there is a rela-
tive resistance seen in the common carotid artery to the build-up of
lipid deposits under similar hemodynamic conditions which produce massive
atheroma in the femoral artery. Since the foregoing will require fairly
extensive animal studies we are initiating two research contracts to
pursue the important implications of these studies.

Honors and Awards: Invited speaker at the International Wymposium on Athero-
sclerosis. Invited to give the annual S. J. Sarnoff Lecture at Duke
University. Invited to give seminar at the Atherosclerosis Research
Center at M.I.T.

Publications:

Flaherty, J.T., Ferrans, V.J., Pierce, J.E., Carew, T.E., and Fry, D.L.:
Localizing factors in experimental atherosclerosis. In Likoff, W., et al
(eds.): Chapter 6 in Atherosclerosis and Coronary Heart Disease . Grune
and Stratton, Inc., 1972.
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Serial No. NHLI-249
1. Office of Director of Intramural Research
2. Section on Experimental Atherosclerosis
3. Bethesda, Maryland

PHS-NIH
Individtaal Project Report

July 1, 1971 through June 30, 1972

Project Title: In vitro study of the influence of temperature on trans-
vascular albvmiin and lipoprotein flux

Previous Serial Number: NHLI-36

Principal Investigator: Donald L. Fry, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:
Objective: To quantify the effect of temperature on protein flux into the

vascular wall.
Methods Employed: The in vitro vascular transport technique developed in

this laboratory (see 1st project report) was used in a modified form to

study the albumin flxix across the endothelial surface at various tempera-

tures, using the Evans blue reflectometric technique. The present design

of the heat exchangers used in each of the wells of the device precluded
control of gas tension in the media; however, apart from this, thermal,

mechanical and chemical control was achieved. Immediately following this

study each well in the test apparatus was filled with glutaraldehyde and

the tissues were prepared for electron microscopic examination.
Major Findings: The flux of albumin into the vascular interface follows an

exponential relationship below about 300° K and the ultrastructure of the

endothelial cells appears to remain normal. At about 312° K the diffu-
sion barrier at the vascular interface disappears resulting in a massive
influx of protein into the wall. Electron microscopic examination re-

vealed marked deterioration of the plasma membranes and opening of endo-

thelial cell junctions.
Significance to Bio-medical Research and the Program of the Institute:

These results show that the vascular interface is exquisitely sensitive
to changes in temperature, perhaps so much so that subtle changes in

temperature of the vascular interface arising locally from adjacent or-

gans, or rising out of the frictional processes occurring locally in the

flow itself could cause significant chronic increases in protein flux

locally.
Proposed Course of the Project: The in vitro technique is being modified

such that we can achieve controlled gas tensions and continuously re-

plenish nutritional requirements over the experimental period so that

these potential uncontrolled variables may be eliminated from, or included

in the explanation of the foregoing observations. In vivo techniques are

being developed to permit detailed mapping of the thermal topography of
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PHS-NIH
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July 1, 1971 through June 30, 1972

the vascular interface to see if subtle thermal patterns do, indeed,
exist which may be correlated with the topography of the atherosclerotic
process.

Honors and Awards:

Invited speaker at the International Symposium on Atherosclerosis.
Invited to give the annual S. J. Sarnoff Lecture at Duke University.
Invited to give seminar at the Atherosclerosis Research Center at M.I.T.

Publications: None-
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Serial No. NHLI-250
1. Office of Director of Intramural Research
2. Section on Experimental Atherosclerosis
3> Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The development of methods for the ii^ vitro study of vascular
interfacial transport mechanics

Previous Serial Number: NHLI-38

Principal Investigator: Donald L. Fry, M.D>

Other Investigators: Robert W. Mahley, M.D., Ph>D.

Cooperating Units: None

Project Description:
Objective: To develop a valid controlled method for the in vitro study of

intimal transport mechanics.
Methods Employed: Arterial tissue is rapidly removed from the animal of

interest and placed in a special tissue holding device (described in
previous reports) taking great care that the tissue remains submerged
in autologous serum at all times. The essential purpose of the device
is to permit selected areas of the opened vascular interface to be
studied in a controlled thermal, chemical and mechanical milieu. Thermal
control is achieved by placing the entire preparation in a thermostatical-
ly and humidistatically controlled chamber. Chemical control is achieved
by controlling the chemical composition and gas tension of the liquid
covering the endothelial surface In each of the selected areas on the
opened vascular interface. Gas tension of proper composition is achieved
by exposing the surface of the liquid continuously to a jet of water-
saturated gas of the desired composition. Mechanical control is achieved
by the aforementioned tissue holding device to maintain the desired condi-
tions of stretch and also by inducing desired flow conditions in the ad-
jacent liquid. The viability of the surface was judged by observing its

changes in conductance to various macromolecules using reflectometric and
radioactive measures of transendothelial fliox, as well as be careful
studies of ultrastructural changes using electron microscopic techniques.

Major Findings: It was found that relatively subtle mechanical and chemical
alterations in the milieu can cause major changes in the conductance of

the endothelial surface to transport of tagged albumin and can cause
marked ultrastructural changes. Normal conductance and architecture can
be maintained only if 1) great care is taken in removing and handling the
tissue to avoid any abnormal flexure of the tissue, 2) great care is

taken to free the surface of shed blood as rapidly as possible and 3) the
surface is maintained under autologous serum at all times. The barrier
to transport is decreased by exposure of the endothelial surface to
saline, albumin solutions (particularly bovine albumin), solutions con-
taining traces of various polar solvents such as ethanol, and solutions
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July 1, 1971 through June 30, 1972

containing various anesthetic agents such as nembutal.
Significance to Bio-medical Research and the Program of the Institute: An

in vitro technique has been developed in which transendothelial transport
processes may be studied under controlled mechanical, thermal and chemical
conditions for periods up to 4 hours (and hopefully for longer periods if

care is taken to replenish nutrients and remove metabolites) . No such
control is possible in the in vivo situation.

Proposed Course of the Project: The above methodology is being extended to

make possible studies for increasing periods of time. Preliminary studies
suggest that many of the processes associated with lipoprotein transport
have relatively long time constants.

Honors and Awards:

Invited speaker at the International Symposium on Atherosclerosis.
Invited to give the annual S. J. Sarnoff Lecture at Duke University.
Invited speaker at the forthcoming Ciba Symposium entitled "Mechanisms in
the Development of Early Atheroma".
Invited to give seminar at the Atherosclerosis Research Center at M.I.T.

Publications:

Fry, D.L.: Localizing factors in arteriosclerosis. In Likoff, W., et al
(eds.): Chapter ]_ in Atherosclerosis and Coronary Heart Disease . Grune
and Stratton, Inc. 1972.
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Serial No. NHLI-251
1. Office of Director of Intramural Research
2. Section on Experimental Atherosclerosis
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: In vitro studies of the influence of mechanical factors on

transvascular albumin and lipoprotein flux-

Previous Serial Number: NHLI-35

Principal Investigator: Donald L.' Fry, M.D.

Other Investigators: Robert W. Mahley, M.D., Ph.D.

Cooperating Units: None.

Project Description:
Objective: To examine the effect of various mechanical factors on the flux

of albumin and lipoproteins across the vascular interface.

Methods Employed: The in vitro transendothelial transport method (described

in the first project report) was used to study the effect of predetermined

degrees of stretch, transmural pressure, and mechanical injury on the

transport of albumin and lipoprotein.
Major Findings: It was found that the flux of albxmin across the vascular

interface was increased by stretching the surface. In contrast to this

transmural pressure drops up to 280 cm of water pressure caused no change
in the flux across the surface, either in the intact preparation or in

that in which the endothelial cell surface had been removed. The removal
of endothelial cells increases the permeability of the vascular interface
by at least 2 orders of magnitude. Preliminary results indicate that the
transport of VLDL lipoprotein is much slower than that of albumin.
Efforts to visualize the VLDL molecule in the tissue using electron
microscopic techniques have not as yet been successful, either because it

does not enter intact or because the osmophilia of the molecule does not
contrast sufficiently with surrounding tissue structures to make detec-
tion possible.

Significance to Bio-medical Research and the Program of the Institute:
These studies shed light on the mechanical factors which influence the

transport of albumin and lipoproteins across the vascular interface. They
indicate that the greatest barrier to protein fluK resides in a small
region associated with the endothelial cell layer. The fact that pres-
sure does not influence the flux of albumin into the wall, either in the

presence of a normal barrier, or in its absence, suggests that the arter-
ial wall buttresses the endothelial cells and their associated barrier
against the forces of pressure rendering pressure ineffective as a driv-
ing force for protein transport. Mechanical events analogous to the
foregoing may also be operative in the vascular system and of signifi-
cance in the transport of ^-lipoprotein in the pathogenesis of athero-

sclerosis.
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Proposed Coinrse of the Project: The above studies will be extended along
two avenues, the first and most important of which will be to develop
more sensitive methods of measuring the transport of lipoprotein and, in

particular, to measure the fliix of the components of lipoproteins, (the

lipids and the apoproteins) . This will be done by radioactive tagging,
as well as by attempts to visualize directly the lipoproteins. The
second avenue of extension will be to develop better controlled methods
of applying shearing stress to the surface so that the effect on protein
transport of levels of stress short of endothelial damage can be studied.

Honors and Awards:

Invited speaker at the International Symposium on Atherosclerosis.
Invited to give the annual S. J. Samoff Lecttire at Duke University.
Invited to give seminar at the Atherosclerosis Research Center at M.I.T.

Publications:

Fry, D.L.: Localizing factors in arteriosclerosis. In Llkoff, W., et al
(eds.): Chapter 2 ^'^ Atherosclerosis and Coronary Heart Disease . Crime
and Stratton, Inc. 1972.
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Serial No. NHLI-252
1. Office of Director of Intramural Research
2. Section on Experimental Atherosclerosis
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July I, 1971 through June 30, 1972

Project Title: In vivo studies of aortic intimal histologic and chemical
response to acutely induced mechanical stress

Previous Serial Number: NHLI-37

Principal Investigator: Donald L. Fry, M.D.

Other Investigator: Victor J. Ferrans, M.D., Ph.D.

Cooperating Units: Section on Pathology, NHLI

Project Description:
Objective: To study the in vivo chemical and histological responses of aor-

tic intimal tissues to acutely induced mechanical stress.
Methods: As described in previous reports a variety of mechanical devices,

have been devised which allow controlled mechanical stress to be applied
to the vascular intima in a variety of configurations in acute animal
preparations. The resultant changes in protein transport across the endo-
thelial surface was determined using ref lectometric and fluorometric tech-
niques. The gross topography of the protein flux was determined using the
ref lectometric method developed in this laboratory (described elsewhere)
and the microscopic topography of protein flux was determined as described
in last year's report using the fluorescent property of Evans blue dye.
Methodology for studying chronic changes in intimal histology and protein
flux were developed this year. Inflated condom baloons (50 mm Hg pressure
above systolic pressure) were propelled through the aorta under sterile
conditions via the carotid artery. The subsequent histologic changes and
Evans blue tagged albumin fluK were measured following various periods of

time varying from time to 6 months.
Major Findings: Areas of endothelial erosion caused by the associated in-

creased shearing stress at the interface demonstrate an increase in albu-
min flux which lasts for periods of weeks and does not appear to be
changed greatly by the initial healing processes. Histologically, the

eroded surface develops a thin- layer of platelets and fibrin and remains
stable in this configuration until covered by a layer of pseudo-endothe-
lial cells which appear to grow in from adjacent uninjured areas. This
layer continues to proliferate showing considerable mitotic activity un-
til it becomes approximately 4 to 40 cells thick. This process of thick-
ening appears to continue for a matter of weeks after the initial layer
of cells grow into the eroded area. At about 4 weeks mitotic activity
disappears and the surface begins to be filled with longitudinally
oriented collagen fibers. This process appears to continue proceeding
to a relatively classic picture of "intimal thickening." Electron micro-
scopic study of the pseudo-endothelial cells indicates that they have
some of the properties of smooth muscle cells in that they show peripheral
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dense bodies under the plasma membrane.
Significance to Bio-medical Research and the Program of the Institute:
Both experimental as well as naturally-occurring atherosclerosis is a
discrete process occurring in the vascular intima, the topography of

which suggests that the development of atherosclerotic lesions tends to
be accelerated in regions exposed to increased mechanical stress and or

injury. If the mechanism of this process is to be studied, then it is

essential to develop techniques for studying discretely the transport
mechanics and rapairitive processes of the vascular interface. The fore-
going observations are consistent with the idea that one of the athero-
sclerotic processes is an injury response.

Proposed Course of the Project: These studies will be continued so that we
may better characterize the nature of the pseudo-endothelial cells, de-
tails of collagen deposition, and the effect of inducing hyperlipemia.

Honors and Awards: Invited speaker at the International Symposium on Athero-
sclerosis. Invited to give the annual S.J. Sarnoff Lecture at Duke
University. Invited to give seminar at the Atherosclerosis Research
Center at M.I.T.

Pub 1 icat ions : None

•
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3. Bethesda, Maryland
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July 1, 1971 through June 30, 1972

Project Title: The topography of experimental atherosclerotic lesions in the

dog and pig.

Previous Serial Number: NHLI-40

Principal Investigator: John T. Flaherty, M.D.

Other Investigators: Donald L. Fry, M.D., Joseph E. Pierce, DVM, and Victor

J. Ferrans, M.D., Ph.D,

Cooperating Units: Section on Laboratory Animal Medicine and Surgery, NHLI,

and Section on Pathology, NHLI

Project Description:
Objective: 1. To study the topography of atheroma in hyperlipemic dogs.

2o To produce atheroma by altering flow conditions surgically.
Methods Employed: The atherosclerotic dogs were given Evans blue dye as a

visual tag for albumin one hour prior to sacrificing. The entire arterial
tree was removed and mounted for examination of the intimal surface
following Sudan IV staining. Photographic records were made of the Sudan-
stained lipid accumulations and the blue stained-albumin concentrations.
Histologic sections were obtained of the principal lesions. Arterio-
venous shunts or coarctations were surgically induced prior to the start-
ing of the atherogenic diet in a second group of dogs. The albumin and
lipid staining patterns were recorded and flow and pressure distribution
measurements obtained prior to sacrifice.

Major Findings: Discrete lipid infiltrations were found principally at

branch points and entrance regions. In early disease Evans blue patterns
were similar. Histologic examination of the early lesions revealed local-
ization of lipid in the intima often localized to endothelial cells or to

the region of the internal elastic lamina. Special connective tissue

stains revealed the presence of focal fibromuscular proliferations at

flow dividers. The presence of collagen in apical regions and within
intimal pads appeared to alter the patterns of lipid infiltration and
deposition in the vessel wall. Arteriovenous shunts in the femoral ar-

tery produced extensive but characteristic atheroma, compared to compara-
ble shunts in the carotid artery, which produced only minimal atheromas.
Carotid shunts did produce fibromuscular intimal thickening in the region
of the shunted artery upstream from the shunt. Coarctations produced
atheroma on the leading slope of the narrowed segment-

Significance to Bio-medical Research and the Program of the Institute: The
relation of the topography of albumin and lipid accumulations as well as
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connective tissue changes to areas in the vascular system where mechanical
stresses would be high suggests a causal relationship.

Proposed Course of the Project: Detailed topography of the atheroma will
point to areas in the vascular tree where shear stresses and flow patterns
should be further studied in vivo and in models. Experimentally induced

atheroma will show the effect of controlled alteration of hemodynamics on

lipid accumulation and fibromuscular proliferation in vessel walls.

Honors and Awards

:

Invited speaker at the International Symposium on Atherosclerosis.
Invited to give the annual S. J. Sarnoff Lecture at Duke University.
Invited to give seminar at the Atherosclerosis Research Center at M.I.T.

Publications:

Flaherty, J.T., Ferrans, V.J., Pierce, J.E., Carew, T.E., and Fry, D.L.:

Localizing factors in experimental atherosclerosis. In Likoff, W. , et al
(eds.): Chapter 6 in Atherosclerosis and Coronary Heart Disease . Grune
and Stratton, Inco, 1972.
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Project Title: Endothelial nuclear orientation and morphology and its rela-
tion to hemodynamic factors

Previous Serial Number: NHLI-41

Principal Investigator: John To Flaherty, M.D.

Other Investigators: Dali J« Patel, M.D., Ph.D., Joseph E. Pierce, DVM,

Victor J. Ferrans, M.D., Ph.D., Donald L. Fry, M.D.

Cooperating Units: Section on Laboratory Animal Medicine and Surgery, NHLI,
and Section on Pathology, NHLI

Project Description:
Objective: To study the variations in nuclear orientation, and morphology

of canine arterial endothelium and to relate these to shear stresses and

secondary flow patterns. To evaluate the role of physiologic shear
stresses in orienting and molding the nuclei. Surgical transposition of

segments of arteries to study the effect of physiologic shear stresses in

reorienting and reshaping endothelial nuclei in a chronic in vivo prepara-
tion.

Methods Employed: Arterial trees from normal dogs were removed, opened
longitudinally and stretched to j^ vivo dimensions. The surface was
then washed with isopropyl alcohol and the nuclei stained with Evans blue
dye. Photomicrography was employed to make a permanent record of the

endothelial cells at many selected locations along the arterial tree.
Major axis orientation angles were measured with a protractor and minor
axes lengths and cell-population density were recorded. Surgical trans-
position of segment of thoracic aorta was carried out and the endothelial
patterns studied at 3, 10, 21 and 70 dayso

Major Findings: Study of the variations in orientation, shape, and densi-
ty of the endothelial nuclei at various locations along the arterial tree
suggest a correlation between hemodynamic factors, and "normal" endothe-
lial cell patterns. Markedly non-axial nuclear orientations are found in

the aortic arch and in the upper abdominal aorta which could logically
correlate with secondary flow patterns in these regions. Marked, but
systematic variations of nuclear shape and density are also found, which
are suggestive of a relationship to local hemodynamic factors. The orien-

tation of endothelial nuclei on the surgically transposed segment showed
complete alignment to the new flow direction in 10 days.

Significance to Bio-medical Research and the Program of the Institute:
The establishment of a relationship between endothelial morphology and
orientation to the blood flow patterns to which it is subjected would
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provide a valuable tool in the study of vascular hemodynamics in animals

as well as in human beings by in vitro observation.

Proposed Course of the Project: More detailed studies will be carried out

under a research contract with some academic institution in an effort to

define better the sequence of histologic events occurring with the re-

orienting process. Do the cells simply reshape themselves or do new cells

grow in with a shape and orientation determined by the flow fields.

Honors and Awards:

Invited speaker at the International Symposium on Atherosclerosis.

Invited to give the annual S. J. Sarnoff Lecture at Duke University.

Invited to give seminar at the Atherosclerosis Research Center at M.I.T.

Publications:

Flaherty, J.T., Pierce, J.E., Ferrans, V.J., Patel, D.J., Tucker, W.K.,

and Fry, D.L.: Endothelial nuclear patterns in the canine arterial tree

with particular reference to hemodynamic events. Circulation Res. 30:

23-33, Jan. 1972.
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Project Title: Characterization of swine plasma lipoprotein

Previous Serial Number: None

Principal Investigator: Robert W. Mahley, M.D., Ph.D.

Other Investigators: Donald L. Fry, M.D.

W. Virgil Brown, M.D., University of California

San Diego

Cooperating Units: None

Project Description:
Objective: To isolate and characterize swine lipoproteins for comparison

with human counterparts.
Methods Employed: The classes of plasma lipoproteins are isolated follow-

ing flotation by ultracentrifugation. Their physical and chemical proper-

ties are determined by standard procedures. In addition the apoproteins

are being isolated by Sephadex chromatography and purified by DEAE cellu-

lose chromatography. The apoproteins are being completely characterized

as has been done for the human lipoprotein apoproteins.

Major Findings: Swine have 4 classes of lipoproteins similar to the human
chylomicrons, VLDL, LDL and HDL. However, the solvent densities at which
they are isolated differs from their human counterparts. Preliminary
findings suggest marked similarities of number and kind of apoproteins
present

.

Significance to Bio-medical Research and the Program of the Institute:

Swine are well recognized as being excellent models in the study of exper-

imental atherosclerosis. Detailed understanding of swine lipoproteins is

necessary if swine are to be used as models of experimental atherosclero-
sis. Also it is necessary to have this background with swine lipopro-

teins when aortic endothelial transport studies are undertaken.
Proposed Course of the Project: Continuation.

Honors and Awards: None.

Publications: None.
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Project Title: Aortic metabolism of plasma lipoproteins

Previous Serial Number: None

Principal Investigator: Robert W. Mahley, M.D., Ph.D.

Other Investigators: Donald L. Fry, M.D.

Cooperating Units: None

Project Description:

Objective: To determine 1) which classes of plasma lipoproteins are in-

volved in aortic transport; 2) whether these lipoproteins are transported
as intact macromolecules or if they are hydrolyzed at the surface and the

various lipoprotein components transported separately; 3) the fate of the

lipoprotein components metabolized by the aorta.
Methods Employed: The _in vitro endothelial transport method (described by

Dr. D. L. Fry) is used to study aortic transport of plasma lipoproteins
under controlled conditions. Presently the dog is being used as the ex-

perimental model. The components of canine plasma lipoproteins are
labelled with various radioisotopes including 1) the protein moieties
with I^ ^ , 2) free cholesterol by the exchange method of Avigan with (?*-

cholesterol, 3) cholesterol esters by injection in vivo of IT -cholesterol
followed by exchanging the labelled free cholesterol for nonradioactive
cholesterol in vitro , and 4) phospholipid by exchange with t^ lecithin.

Uptake of label and metabolism of the lipoproteins are followed by analy-
sis of changes in the incubation media, examination of the aorta by di-

rect isotope counting and by light and electron microscopic autoradiogra-
phy. Since sera is required in the incubation media to maintain the
stability of the aorta in the in vitro system, it is necessary to analyze
completely the incubation media containing the added labelled lipoprotein
before and after incubation because of exchange of lipids and apoproteins
between the various lipoproteins. This type of analysis will allow us to

gain further insight into the interrelationships of the classes of plasma
lipoproteins and the effect of the aorta upon these inter conver s i ons

.

Major Findings: Preliminary findings indicate the feasibility of this

approach to the study of aortic endothelial transport and metabolism of

plasma lipoproteins. Studies with i^^^ labelled VLDL indicate that some

of the labelled components enter the aortic endothelium. The addition of

heparin to activate lipoprotein lipase results in a measurable decrease
in VLDL in the incubation media in as short a period as 80 minutes.
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Significance to Biomedical Research and the Program of the Institute: It Is

agreed by most that 1) cholesterol v^ithln atheromata is derived largely
from plasma lipoproteins and that 2) plasma lipoproteins can be detected
within the same lesions • Hot^ever^ the mode of transport and the quantita-
tive significance of lipoproteins in the lesions are far from clear

e

Serious questions remain as to whether the lipoproteins cross the endo-
thelial surface intact or whether they are hydrolyzed at the surface with
only some of the components entering the tissue. Our in vitro approach
to this problem should shed light on this most difficult problem of

atherosclerosis research as well as add to our knowledge of lipoprotein
metabolismo

Proposed Course of the Project: The project will be continued along the
lines indicated above. It will also be extended to the miniature swine
and nonhuman primates for comparative studies.

Honors and Awards: None.

Pub 1 icat i ons : None o
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Project Title: Characterization of canine plasma lipoproteins

Previous Serial Number: None

Principal Investigator: Robert W. Mahley, M.D., Ph.D.

Other Investigators: Donald L. Fry, M.D.

Cooperating Units: None.

Project Description:
Objective: To isolate well-defined classes of lipoproteins from normal and

hyperlipemic dogs and to characterize these lipoproteins with respect to

their physical and chemical properties.
Methods Employed: Unlike the lipoproteins of most species, dog lipoproteins

can not be separated into pure classes strictly on the basis of flotation

by ultracentrifugation. We have found that preparative starch block

electrophoresis is necessary to purify the 5 classes of canine lipopro-

teins. The purified lipoproteins were characterized with respect to

electrophoretic mobility, immunochemical reactivity, size by electron

microscopy, chemical composition and apoproteins. The lipoproteins of

stock fed vs hypothyroid, high cholesterol fed dogs are being compared.

Major Findings: Dog lipoproteins can be separated into 5 distinct classes.

The dog has lipoproteins which are similar to human chylomicrons, VLDL,

LDL, and HDL with respect to lipid composition and spectra of apoproteins.

In addition, the dog possesses a lipoprotein which floats in the LDL

density range but can be separated from LDL by starch block electro-

phoresis. Electrophoretically it has a mobility. It possesses the apo-

LDL apoprotein plus other apoproteins. The apoproteins of the lipopro-

tein are readily solubilized by the presence of detergents, unlike LDL.

In the hypothyroid, high cholesterol fed dog this lipoprotein is markedly

increased and carries most of the increase in plasma cholesterol up to a

point. Once the plasma cholesterol has reached 700-900 mg % this LDL-HDL

like lipoprotein virtually disappears and now a p migrating lipoprotein

presumably the LDL, is the prominent cholesterol bearing lipoprotein.

At this point the plasma triglyceride and VLDL also increase.

Significance to Bio-medical Research and the Program of the Institute:

Knowledge obtained from these studies will allow us to study aortic endo-

thelial transport of canine lipoproteins. Characterization of canine

lipoproteins and their comparison to the human lipoproteins are essential

in relating the transport results to the problem of human atherosclerosis.

In addition the comparative studies of lipoproteins in various species

and the changing pattern of lipoprotein metabolism under various metabolic
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conditions, i.e., hypothyroidism, diabetes, high-fat diet, etc, will
hopefully add to our knowledge of the interrelationships of various
plasma lipoproteins and atherosclerosis.

Proposed Course of the Project: The project will continue along lines

indicated above.

Honors and Awards: None.

Publications: None.
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Project Title: Mathematical Theory of Renal Function

Principal Investigator: John L. Stephenson, li.D.

Other Investigators: iione

Cooperating Units: NIAMD, Office of Mathematical Research

Project Description:

During the past year investigation has centered almost
exclusively on theoretical analysis of the central core model
of the renal medulla. In this model of the medulla, descending
and ascenuing limbs of Henle's loop and the collecting duct are
considered to be grouped around a central vascular core composed
of ascending and descend ing vasa recta . The capillaries are
assumed to be so highly permeable to solute and water that tliey

merge into a single tube, blind at the papillary end, open at the
cortical. Although the detailed geometrical configuration of a

cross-section of the medulla undoubtedly affects its function, so
far our analysis has utilized only the topological properties of
a cross-section of the counterflow system. These are (1) de-
scenuing Henle's limb (DHL), ascending Henle's limb (AiiL),
collecting uuct (CD), and central core (CO are In mutual contact
along their entire length (by contact is meant contact along a

finite length of boundary in each cross-section); (2) the central
vascular core Is in free communication with the general systemic
circulation. These two properties permit solute transported into
the core (from AHL) to extract water from the surrounding tubular
structures (primarily DHL and CD), The solution formed can expand
Into the general vascular space (I.e., flow freely up the sluice
provided by the central core). As the solution expands It can uo
useful work by concentration of the solutions In Df-!L ana CD.

ihe system Is described by the system of equations

dF
Ik

uF.
I V

= - ^k '
(1)

Ji, . (2)

^6/



The tlevelopinent of this program has several go^Ts of blo -

npdical s i rrn i f 1 canre ;

1) Fundamental understanding of renal function in a way
hitherto impossible. This is ooth because existinf; exper ii icntal
data can be integrated into the model in a systematic manner,
but more importantly, because the model v;ill pinpoint inadequate
data and make possible more critically designed experiments
in the three areas of Isolated tubule preparations, mi cropuncture
studies and nacroscopic clearance studies.

2) Improved diagnostic methods. The sharper understanding
of clearance data should eventually lead to improved clinical
tests to measure renal function.

3) Better treatment of renal and cardiac disease. The
increased understanding of renal function shoulu make possible
better predictions of the results of a given therapeutic
regimen, assist In the assessment of new urugs, and generally
make possible more intelligent clinical management.

k) Improvement in design and development of artificial
kidneys. At least some of the increased understanding of the
real kidney should be transfcrrab 1 e to the design of artificial
ki dneys

.

As the program for simulation is developed and tested, it

will, of course, be made available to Interested experimentalists,
initially perforce on a somewhat selective oasis, but ultimately
through time sharing computer technology it should be available
to every nephrologlst who has any use for It.

NHLI-258
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Project Title: Computer Simulation of Renal Function

Principal ! nvest i f^ator : John L. Stephenson, ii.D.

Other I nves t i p-ators

Cooperating: Units

Project Description:

Bert iiubuaru
Professor of iiathemati cs
University of Maryland

Raymond Mej i a

DCRT, NIH

DCRT, NIH

Institute of Fluid Dynamics
University of I<iaryland

Progress uurinrr oast year . I
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for publ I c use

.

A model ciescr i b ing washout of radioactive tracers and re-
lating this washout to membrano parameters should also have oeen
developed. A substantial start should have been made in the
general transient problem in which there is time variation of
membrane paraineters .

The development of this model will require both a large
scale programming effort and expert consultation on various
aspects of nuiierical analysis. Toward this end, collaboration
has been Initiated with uoth DCRT and the University of .Maryland.
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where F

j
|. is total axial flow of the k'th solute in the i'th

tube, and Fj^ is total axial volume flow, J
j [^ and Jjy are the

transmembrane fluxes per unit length. The F||^ are given by

ik
^- D Ik dx

+ F:
i v'-i k (3)

where D., is the effective diffusion coefficient of the i'th
solute In the k'th tube and Cji^ is the molar concentration of
the k'th solute in the i'th tube. Description of the system is

completed uy an equation for hydrostatic pressure:

UP
I

dx
- ^MF^^iv

('•+)

where P- Is the hydrostatic pressure and R.p is the flow resistance
of the I'th tube. The transmembrane fluxei J

j |^
and Jj^ are given

by the sums:

^ik = -^j^iJA '
(5)

where Jj. |, is the transmembrane flux of the k'th solute from the
i'th to ihe j'th tube, and J.. ^ is the transmembrane volume Mux
from the i'th to the j'th tuue' Tiie subscripting convention is

1 corresponds to DHL, 2 to AHL, 3 to CD and k to core.

Jjj
j^

and J|j y are given Dy some variant of the phenomeno-
Jogical equations or Irreversible thermouynami cs, e.g..

= J
1 J, V

(1- <r
I J , "^ IK I J , K -Jk)^^ij, (7)^

i J , k

where Jj ^ ._ ..._ ._. . ._.

brane separating the i'th and j'th tubes, for tlie k'th solute.
n

is the Staverman reflection coefficient for the meni-

solute,
an act i ve;; 1. IS the permeability coefficient, and ^ .

' J / "^^
, . C/ I J ,

ancitransport ter

^ij,v^ "

K

J,(^'^'^^IJ,k^<^JK--ik^^^Pi-^j5 (8)

These equations must be solved subject to mixed boundary
conditions, i.e., some given at x = (the cor t i co-medu 1 1 ary
border) and some given at x = L (the papilla where the loops make
a ha I rpi n oend)

.

This Is a very aifficult mathematical problem. A detailed
solution must take account of at least iMaCl concentration, urea
concentration, protein concentration, hydrostatic pressure, and
volume flow in the central core and surrounding nephrons; a

minimum of 25 first order u I f ferent i a 1 equations.

^<K
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by the approximations that total solute concentration in

DHL^ CD^ and core are approximately equal and that AHL is nearly
water impermeable, v;e have reduced the above system of equations
to the two

- Dm 1^
r 1 ^Sr.i

and

^Iv^L) -^= J21; ' ^''^

where F^^CL) ana F, (L) are volume flov;s in DHL and CD at x = L,

Ci^;; is total solute^concentrat ion in the central core and C2,,, is

total solute concentration in the AHL, Joiv, Is net solute trans-
port out of AhlL. Analytical solutions or these equations ore
possible in a variety of cases and are f^iven in detailed theoreti-
cal papers which are nov; in preparation. A preliminary version of
this model Is descrioed in a chapter (1) and a more complete
summary report is also for thcomi ng(2 ) . The principal results so
far of the analysis have been:

1) A coherent analysis of the varied contribution of solute
cycling vs. water extraction In the concentration of urine. The
mode of operation of the central core system can vary continuous-
ly from pure solute cycling to pure water extracting.

2) In overall function, the medullary nephrovascu 1 ar unit,
consisting of core, and surrounding descending Henle's limb,
ascending Henle's limb, and collecting auct performs as a segment
of proximal tubule returning isotonic solution via the core to the
systemic circulation.

3) By Introducing an effective diffusion coefficient for
the core one can account for the effects of vascular washout on
the concentration profile.

k) In Its water extracting mode of operation, the model
predicts that In a two solute system all transport of solute
can be down a concentration gradient. This shows that at least
part of the energy for the concentration of urine In the Inner
medulla may be derived from salt and urea mixing in the central
core, thus raising its osmolality and extracting water from
uescending Henle's limb and collecting duct. This result com-
pletely alters present concepts of the concentrating mechanism.

5) The model has made possible a detailed analysis of the
free energy balance in the system; making it possible to relate
surface trasnport integrals to free energy increase or uecrease
of outflow over inflow.

6) The approximate analytic solutions of ttie model give

5 ar
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first estimates for numerical solutions incorporating detailed
transport mechanisms. This should make possible a realistic
computer simulation of renal function.

Significance to Biomedical Research.
The primary goal of this work has been basic understanding

of renal function. This has been accomplished, at least in part.
An outgrowth is the separately described project. Computer
Simulation of Renal Function, which, if successful, should greatly
affect clinical nephrology. In this day of goal -di rected research,
the esoteric origins of this work should be remembered.

Proposed Course.
The plan is to continue the work along two lines. The first

is to expand and deepen the general theoretical analysis. The
second, which v;ill be discussed in a separate report, is to
develop a realistic computer simulation of renal function that re-
lates membrane transport properties of the nephrons to macroscopic
function.

One aspect of the general theoretical analysis that is
mostly unexplored is transient behavior of the system. in the
past, vje have used stochastic models to ivestigate this, and we
plan to reactivate this v-zork. Toward this end, Kenny Crump,.
Associate Professor of Mathematics at Louisiana Technical Uni-
versity, is goinj^ to visit me during the month of June.

A second aspect of the theoretical work is that ancillary to
the development of the computer simulation. This requires both the
investigation of the nature and existence of solutions and further
development of approximate analytical solutions. bert Hubbard,
Professor of Mathematics at the University of Maryland, has
started to collaborate in tfiis work.

A third aspect of future theoretical work will be the in-
corporation of progressively more detailed models of the medulla
and of membrane transport into the analysis.

^U
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Stephenson, J.L.: Elements of the mathematical theory of renal
function . In brov/n, J.H.U.(ed): Engineering Principles in
Phvs i ology . iJew York, Academic PresS/Cin pressi

Stephenson, J.L.: Concentration of urine in a central core model
of the renal counterflow system. Kidnev I nternat ional > ( i n pressi
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The Molecular Disease Branch presently includes three groups of

laboratories. One is the Sectioti on Lipid Metabolism, headed by Dr. Martha

Vaughan; a second is the Section on Molecular Hematology, headed by Dr.

French Anderson; the third consists of several sections engaged in closely

related research on lipoproteins and molecular diseases of lipid metabolism

(headed by Drs. Levy, Sloan, Brewer and Fredrickson) , under the general

direction of Dr. Donald Fredrickson.

Sections on Molecular Disease, Lipoproteins, Peptide Structure

and Genetics of Lipid Metabolism

The activities of this group of sections during the past year were

divided roughly into three sectors; 1) the biochemistry of plasma lipo-

proteins, 2) normal and mutant enzymes controlling metabolic pathways of lipid

and lipoprotein metabolism and 3) the physiology of lipoproteins and derange-

ments in fat transport, particularly those manifesting as hyperlipoproteinemia.

In the latter sector some of the resources of the Branch were also engaged in

supervision of the NHLI Lipid Clinic Program (an extramural network) and an

intramural Intervention trial, testing the effect of treatment of Type II

hyperlipoproteinemia on the progress of coronary artery disease.

Selected areas of achievement in these sectors are summarized here.

The biochemistry of plasma lipoproteins .

Much of all research on plasma lipoproteins is presently concentrated

upon the proteins (apolipopro' eins) which are a crucial part of these lipid

protein complexes. There are six well established apoproteins, three of them

discovered in the National Heart and Lung Institute. During the past year the

covalent sequence of three of these was determined here, the first such

sequences to be established for the apoproteins. The first completed was

apoLp-ala (designation by carboxylterminal residue is vised here), one of the

proteins prominent in very low density lipoproteins (VLDL) . This protein

contains 79 amino acids in a single chain and exists in several polymorphic
forms previously determined to be due to variation in sialic acid content.

One of the two major high density lipoprotein apoproteins, apoLp-gln-II,

was next attacked. This protein posed several special problems. It proved to

consist of two identical 77-amino acid chains joined by a single disulfide

bridge. Moreover, the aminoterminus of each chain was blocked, and eventually

shown to be pyrrolidone glutamic acid. Enzymatic cleavages followed by

partial and then full sequence determination on the Edman sequencer were used

for analysis of both of these proteins.

The third apoprotein to be sequenced was initially called apoLp-val, but

was shown at the beginning of the year to have serine rather than valine at

the carboxylterminus. ApoLp-Ser is another peptide found mainly in VLDL. Its

primary sequence of 57 amino acids was esteblished by peptide mapping and

manual Edman sequences

.
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Examination of the sequences of these apoproteins reveals at least one

common feature, possibly important to their lipid binding function. This is

a number of acid-base pairs, e.g. adjacent lysine-dicarboxylic acid pairs.
Preliminary modeling suggests that such pairs would be ideally suited to

binding the negative phosphorus and positive base charges found in phosphatidyl

choline. Studies of lipid binding by the apoproteins and certain segments of

the chains is in progress. For this purpose, photo-affinity labels (nitrenes)

have been prepared and a series of recombination experiments begun. Other
studies related to the purity, microheterogeneity, and glycoside content of

apoLp-gln-I and apoLp-glu, two of the remaining apoproteins were carried out.

The latter apoprotein is of special importance, for it appears to activate
lipoprotein lipase and is an important target for sequence and lipid-binding
studies

.

Enzymes

The assay of activity, isolation and purification of normal and mutant
enzymes involved in major pathways of fat metabolism is another important aim

of the group. For exan5)le, aryl-sulfatase A was obtained in pure form from
human urine and an inactive protein having immunologic identity is now
partially purified from urine of a patient with metachromatic leukodystrophy
who lacks the enzymatic activity. Sphingomyelinase has also been purified
10,000 fold and we now intend to try to isolate several mutant sphingo-

myelinases from different phenotypes of Niemann-Pick disease.

One of the most interesting achievements of the year was the elucidation
of the enzyme defect in cholesteryl ester storage disease, a disorder first
described from this laboratory in 1963. The death of the first patient pro-
vided us with autopsy material in which we demonstrated a generalized storage
of cholesteryl esters and triglyceride and severe deficiency of acid hydrolase
activity directed against these substrates. A very similar defect exists in

Wolman's disease. By using a synthetic substrate, hexadecanyl 1, 6, dioleate,
it was possible to shew that the enzyme defect in the two diseases is not the

same. We also demonstrated that acid cholesteryl ester hydrolase (CEH)

activity is present in human aorta, and that acid triglyceride lipase seems to

be extremely low or absent from this tissue in normals. CEH activity was low
in the patient's aorta and the content of cholesteryl esters (and degree of
atherosclerosis) unusually high. These last findings have potential im-
portance quite beyond their interest in the rare disease in which the discovery
was made. Cholesteryl ester accumulation is a universal and early phenomenon
in development of atherosclerosis.

A most important enzyme in triglyceride metabolism is lipoprotein lipase.
For some time we have been aware that heparin releases not only this tri-
glyceride lipase into plasma, but at least one other enzyme (or different form
of the same enzyme) which differs in sensitivity to high ionic strength and
certain other inhibitors. We were successful in developing an assay which
distinguishes these different activities in plasma and in proving that the

second enzyme comes from the liver. Very recent experiments new indicate that

most of the hepatic enzyme is located on the plasma membranes from which it is

almost instantaneously and quantitatively released by heparin. The separation
of hepatic TG lipase and lipoprotein lipase (which comes mainly from adipose
tissue and vascular wall) is of paramount importance in distinguishing dif-
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ferent types of hyperchylomicronemia. We can now show that type I and type V

HLP respectively, are characterized by very low and by normal values of

heparin-releasable lipoprotein lipase. The amount of hepatic enzyme activity

released into plasma is not different. This clarifies much of the long-

standing confusion concerning "post-heparin lipolytic activity" in hyperlipo-
proteinemia.

Clinical and physiologic investigations

125
Turnover studies employing I-labeling of the apoproteins in VLDL have

documented two important features of VLDL metabolism, both previously sus-

pected but not proved. One is the conversion of VLDL to LDL possibly repre-
senting the major source of LDL in plasma. The other is the interchange of

some of the apoproteins (apoLP-ala, -ser, and -glu) in VLDL with HDL. More-
over, these apoproteins may return to the VLDL and possibly are reused by

either the liver or intestine in resynthesis of new VLDL.

Several years of careful, double-blind trials of cholestyramine in type
II and of Atromid in type III HLP have been brought to a close. They clearly

demonstrate different efficacy of these two drugs on these disorders. A
compendium of data supporting specific diet and drug therapy in 5 types of

HLP has been prepared.

The type II intervention trial is now successfully launched. A massive
screening effort has already covered 450 area adults with type II. Ten
patients have completed the first phase of entry into the study, including
coronary angiography. The coordinators believe that the necessary number of
patients can be enrolled. An immense and valuable amount of data about
coronary artery disease in type II HLP has been collected.
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Most of the work of th© Section on Metabolism is concerned with the

mechanisms by which intracellular concentrations of cyclic AMP and cyclic GMP

are controlled in mammalian cells and the role of these nucleotides in the

modulation of cellular functions. During the past year, particular emphasis

has been placed on studies of the regulation of cyclic GMP formation in lung,

the mechanism of action of Insulin on cyclic AMP conetntration in fat sells,

and the means by which steroid hormones exert their so-called "permissive"

effect on cyclic AMP mediated processes. Some of the latter work has been

part of a broader Investigation of growth, differentiation and aging of cells

in culture. Studies of the fat cell hormone -sensitive lipase have been con-

tinued, a series of investigations of various aspects of phagocytosis has been

completed, and exploration of factors that may influence the recovery of syn-

thetic processes in arterial tissue following trauma has been initiated.

A. Mechanisms of Hormonal Regulation of Lipolysis in Fat Cells

1. Hormone -Sens it ivB Lipase ; We found last year that partially purified

hormone -sensitive lipase was inactivated by incubation with ATP, iyigCl2 and a

small molecule present in the fluid fraction of adipose tissue homogenates.

The latter is absolutely required for demonstration of ATP -Mg"*"*"-dependent

inactivation. It has now been extensively purified, and work on identifica-

tion is in progress.

It is apparent that final clarification of the molecular mechanisms

underlying lipase activation and inactivation will require separation and

purification of all of the components of the system. For use in studies of

lipase activation, a cyclic AMP-dependent protein kinase has been purified

about 60-fold (free of lipase) from rat adipose tissue. Hormone -sensitive

lipase activity in the fluid fraction of homogenates is associated with mole-

cules or aggregates with an apparent molecular weight of > 2 x 10°. After

numerous unsuccessful attempts to extract active enzyme from these complexes,

we have been able, using polyethylene stearate and ethanol, to convert a por-

tion of the lipase to a lower molecular weight form which can be activated

(with ATP, Mg''"'", cyclic AMP and protein kinase) and inactivated (with ATP,

Mg"'"'' and the inactivating factor) as Is the original preparation.

2. Lipoprotein Lipase ; Fat cells contain lipoprotein lipase and release

it into the incubation medium. It would seem that such a homogeneous popula-

tion of free floating cells might provide an excellent system for investigation

of factors controlling this process. Studies have been complicated, however,

by considerable variability in the apparent rate of release of the lipase

under presumably comparable circumstances. One problem seems to be the in-

stability of the enzyme in the medium. By carrying out incubations at 30°

rather than 37°, this can be largely avoided, and under basal conditions, the

release of lipoprotein lipase is maintained at an essentially constant rate
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for 30 to kO minutes. During the same period there is relatively little re- (

lease of other lipases or of malic dehydrogenase. We are now attempting to
evaluate the suggestion that cyclic AMP and hormones that influence its metab-
olism play a regulatory role in the activation and/or release of lipoprotein
lipase and to gain some insight into the mechanisms involved.

3. Insulin and Dexamethas one ; Insulin inhiMts the effects of epinephrine
and other so-called lipolytic hormones on cyclic AMP accumulation in fat cells..

Our evidence is consistent with the view that it does so by increasing the
degradation of cyclic AMP. After brief exposure of fat cells to insulin, 100
[lU/ml, cyclic AMP phosphodiesterase activity, assayed in homogenates, is in-
creased 25-50^' We had previously reported that fat cells contain phospho-
diesterase activity with at least two Michaelis constants for cyclic AMP.
Only the low Km. (0.2 \M) activity is increased by insulin. More than half of
this activity is recovered in a particulate fraction from the homogenized cells,

which on electron microscopy consists chiefly of membrane fragments. This
fraction contains the entire increment in diesterase activity produced by in-

sulin. Treatment of rats with dexamethasone for 2k hours produces a signifi-
cant decrease in the low Km phosphodiesterase activity. The decrement is con-
centrated in the same fraction that is affected by insulin. Dexamethasone
treatment does not prevent the increase in phosphodiesterase activity produced
by insulin added to fat cells in vitro. It appears that the membrane -bound
low Km diesterase may play a critical role- in mediating the known effects of
insulin and corticosteroids on cyclic AMP-dependent processes in fat cells.
In addition, similar effects of insulin and specific steroid hormones in other
types of cells could explain at least some of their metabolic actions.

f
B. Role of Cyclic AMP and Cyclic GMP in Modulation of Growth, Differentiation

and Aging of Cells in Cijlture

1. Hepatoma Cells ; The cyclic AMP content of HTC hepatoma cells is rapidlj
increased several fold by epinephrine or isoproterenol in the presence of theo-
phylline. In cells incubated for 72 hours with dexamethasone, the basal cyclic
AMP content is slightly increased, and the increment produced by epinephrine
is markedly increased. After incubation with 1 loM dexamethasone for 2k or more
hours, cyclic AMP phosphodiesterase activity is decreased 25-^0^. We believe
that in many types of cells the so-called permissive effects of steroid hor-
mones on cyclic AMP mediated processes may be due to a similar steroid-induced
decrease in phosphodiesterase activity.

2. Human Fibroblasts ; Several lines of skin fibroblasts from normal humans
have been cultured and are being studied in a search for possible alterations ii

cyclic AMP metabolism and response to hormones as the cultures age, become sen
escent and die. In these cells (which have not yet reached senescence) both
catecholamines and PGE]_ dramatically increase cyclic AMP levels, and their ef-
fects are markedly enhanced after incubation of the cells with dexamethasone.
The magnitude of the response of the cells to catecholamines appears to be in-
versely related to cell density, whereas the response to PGE]_ is essentially
unchanged as cultures grow to confluency.
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3. L-Cells ; The rise In cyclic AMP content of two established lines of
mouse fibroblasts (L-cells) in response to PGE-^ is only a fraction of that of
the human fibroblasts. In the L-cells, PGE3_ produces a prompt 10-fold increase
in cyclic AMP concentration which then slowly falls, despite the continued
presence of PGEj^, reaching a level about twice basal at 2h hours. Addition of
more PGE-^^ at this time causes no further rise. At the same time, the activity
of a Specific cyclic AMP phosphodiesterase is increased. A similar Increase
in phosphodiesterase activity can be produced by incubation of L-cells with
dibutyryl cyclic AMP and is prevented with cycloheximide or Actinomycin D.

Thus, the increased phosphodiesterase activity in cells incubated with PGE-[_

is apparently not the result of a specific action of this compound, but may be

secondary to siistalned elevation of intracellular cyclic AMP concentration in-

duced in various ways. A similar regulatory mechanism may be operative in

many types of cells.

C. Metabolism of Lung and Phagocy-bic Cells

1. Cyclic GMP and Cyclic AMP in Lung ; Lung (of rat or guinea pig) con-
tains cyclic GMP at a concentration much higher than that in most other mammal-
ian tissues. We have initiated experiments to determine how the cyclic GMP
concentration in lung is regulated and what role this nucleotide may play in

lung physiology. Clearly, definitive answers to these questions will require

separation of cells from lung for study in homogeneous populations. Since we

cannot at present accomplish this, we have used lung slices to explore the ef-

fects of several agents on cyclic GMP concentration. Acetylcholine in the

presence of theophylline and physostigmine Increases cyclic GMP levels signif-

icantly within one minute. Peak levels, 2-3 times the basal, are reached in

2-k minutes. The concentration of cyclic GMP declines thereafter, approaching

basal after 12 minutes. A maximal effect is produced by 1 |jM acetylcholine and

is completely prevented by atropine. Histamine and several prostaglandins do

not demonstrably alter cyclic GMP concentration. Acetylcholine also increases

the cyclic AMP concentration in lung slices. Whether this is a direct effect

or secondary to release of another "messenger" remains to be determined. A
rise in cyclic AMP of similar magnitude was observed after incubation with

2 \M PGEi.

2. Release of Histamine from Mast Cells ; The polyamine ii-8/80 has been
employed to induce histamine release in a great many in vitro studies. Its

mechanism of action, however, appears to be quite different from that of spe-

cific antigen in allergic histamine release. Perhaps a better model for the

latter, and of interest in itself, is dextran-induced release which is highly
species specific and genetically determined. In studies with peritoneal mast

cells, we have found that many characteristics of the dextran effect axe like

those reported for antigen-stimulated release. Specifically, dextran-induced

release does not require complement and is not cytotoxic. The Ca"^ and Mg
requirements resemble those of the antigen effect as do the time course of

release and the temperature dependence. Exposinre of the cells to dextran,

even under conditions unfavorable for histamine release, prevented release

upon a second exposure to dextran. We failed, however, to demonstrate a bi-
phasic release process, i.e., activation by dextran and histamine release by
Ca++ in sequence, as has been observed with sensitized human leukocytes and
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specific antigen. ¥e had previously foimd that dextran-lnduced release is

inhibited, as is the antigen effect, by agents that can increase cyclic AMP
concentrations in many cells. In all of these studies, the cells that release

histamine constituted only a fraction of the total population, and we have

been unable to establish that the inhibitory agents in fact act directly on

the mast cells to increase their cyclic AMP content.

3. Rate of Phagocytosis ; Last year we reported the development of a

simple, sensitive assay for the rate of phagocytosis and its use in studies

with polymorphonuclear leuJtocytes. We have now completed similar studies of

phagocytosis by alveolar macrophages. Many factors affect the process simi-

larly in the two types of phagocytic cells. However, serum which is without

effect on the rate of phagocytosis of the paraffin oil-albumin emulsion by

the leukocytes consistently more than doubles the rate of phagocytosis by
macrophages. The effect of serum appears to be one of "opsonization" of the

substrate. With the opsonized emulsion, initial rates of phagocytosis by

leukocytes and macrophages are equal when expressed as a function of cell

number.

In earlier studies with polymorphonuclear leukocytes, oil droplets coated

with substances of strong net charge were Ingested more rapidly than uncharged

or weakly charged particles. Findings were in general similar with alveolar

macrophages. Because emulsions prepared with native gelatin are Ingested very

slowly and modification of the protein can markedly enhance the rate at which

emulsions prepared with it are taken up, this material may be useful for prob-

ing the determinants of particle recognition by phagocytic cells.

Alveolar macrophages obtained from animals treated with extracts of Myco-

bacteria (stimulated macrophages) have enhanced bactericidal activity relative

to cells from untreated animals. It has been suggested that this may be, at

least in part, secondary to an increased phagocytic rate. We found, however,

that stimulated macrophages did not ingest either opsonized (serum-treated) or

unopsonized particles more rapidly than did normal cells, from which it may be

Inferred that the differences in bactericidal capacity are a reflection of

differences in post-ingestlon events.

k. Phospholipids of Phagocytic Cells ; Phagocytic vesicles were isolated

from polymorphonuclear leukocytes and alveolar macrophages by the method that

we devised last year. The phospholipid composition of the leukocyte vesicles

was very similar to that of the whole cells, but the macrophage vesicles were

relatively enriched in several components. An unusual phospholipid which ac-

counted for 15^ or more of the phospholipid phosphorus of rabbit alveolar
macrophages and constituted 25^ of the phospholipid of the phagocytic vesicles

was isolated and Identified (by chromatography, degradation, mass spectrometry
and KMR spectra of derivatives) as lyso(bis )phosphatidic acid. It was not

found in rabbit peritoneal macrophages or in rat alveolar macrophages. Lyso-
(bis )phosphatidic acid, which accumulates in large amounts in tissues of

patients with Niemann-Pick disease has previously been found only in trace

amounts in normal mammalian tissues.
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The polyunsaturated fatty acids of leukocyte phospholipids were chiefly
linoleic, whereas in macrophages arachidonic accounted for almost 20^ of the
total fatty acids. The macrophages produced malondialdehyde when ingesting
polystyrene beads or emulsified paraffin oil, from which it was inferred that
peroxidation of endogenous lipid can occur during phagocytosis. Polymorpho-
nuclear leukocytes in which less than 3/0 of phospholipid fatty acids were
arachidonic did not produce malondialdehyde during phagocytosis of these inert
particles, but did when ingesting an emulsion containing linolenate, thus pro-
viding evidence for peroxidation of ingested lipid. Isolated phagocytic ves-
icles from alveolar macrophages contained lipid peroxides and generated
malondialdehyde when incubated with ADP, FeCl3 and NADH.

D. Metabolism of ly^mmalian Arteries and of Aortic Cells in Culture

Experiments still in progress are designed to elucidate some of the ef-
fects of injury on arterial metabolism and to characterize the metabolic con-

comitants of the recovery process. It appears that the latter can be fruit-

fully studied using cultiored cells, thereby avoiding the complications of

Interpretation that arise in experiments with a complex tissue containing a

multiplicity. of types of cells. Immediately following injury by controlled
compression in vitro, synthesis of lipids, proteins and DKA by aortic tissue
is sharply depressed. After incubation for three days in medium containing
serum, there is significant recovery, and the rates of these processes are at

least 50/0 of those in fresh control tissues. Recovery of lipid and protein

synthesis is more rapid when the traumatized tissue is incubated in medium
with lipid-free serum than it is when whole serum is used. Injury inflicted

by rolling a 5-kg weight over the aortic tissue completely abolishes incorpora-

tion of precursors into lipids, protein and DNA, but after incubation for I8

hours the rates of all of these processes are equal to those in uninjured
tissues. The pattern and time course of these metabolic changes are very sim-

ilar to those observed after compression injury of dog and rabbit arteries and

recovery in vivo. Injirry to aortic fibroblasts grown in culture induced by
incubation in hypertonic medium was followed by an immediate depression of

synthetic processes and recovery resembling the sequelae of mechanical trauma

in the arterial tissue.

Freezing is widely used for preservation of arterial tissue. After con-

trolled gradual freezing of aortic tissue in di-methyl sulfoxide and rapid

thawing, synthesis of fatty acids and non-saponifiable lipids is essentially
undetectable, but recovery to 50fo of the control levels is observed after

incubation for one day, and at the end of four days recovery is complete.

Freezing only partially depressed oxidation of glucose and acetate, but this

effect is not significantly reversed during the subsequent incubation.

In beginning an exploration of factors that may modulate synthetic pro-

cesses in arterial tissue and perhaps influence their recovery following trauma,

some effects of Insulin and dexamethasone on aortic fibroblasts have been inves-

tigated. Insulin produces an acute stimulation of lipid and protein synthesis,

and after incubation for two days with this hormone, lipid synthesis (but not

that of protein) is further increased. Dexamethasone initially depresses these

synthetic processes, but after two days the synthesis of fatty acids and sterols

is markedly increased, and that of protein moderately so.
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Annual Report of the
Section on Molecular Hematology

Molecular Disease Branch
National Heart and Lung Institute
July 1, 1971 through June 30, 1972

The mechanism of hemoglobin biosynthesis and the regulatory
controls involved in hemoglobin gene expression are being studied
in human disease states as well as in animal model systems. The
objective is to understand the molecular basis of hereditary
anemias (specifically the thalassemias and hemoglobinopathies) in
order to be able to devise effective methods for treating these
diseases. The general approach has been to fractionate normal
and diseased red blood cells into the various components required
for hemoglobin synthesis and then to reconstitute the cellular
components in such a way as to reproduce the activity of tht
original intact cell. The function of each cellular component
from th@ dis@as@d cell can then be compared with its count@rpart
from a normal cell. The first phase of this program has been
successfully completed, namely, the fractionation of the cytoplasm
of normal and diseased erythrocytes and the reconstitution of a

cell-free system capable of duplicating the normal and disturbed
functions of erythrocyte cytoplasm. The Section is now attempting
to undertake a similar attack on the nucleus of erythrocyte
precursors.

A summary of our results obtained over the past twelve months
for projects continued from past years follows:

1) Initiation factors ; Four protein factors. Mi, M2A' ^23/
and M3 are required for the initiation of hemoglobin synthesis
with rabbit or human mRNA . These factors have been further puri-
fied and characterized. Similar initiation factors have been
isolated from rabbit liver cells. Comparison of the properties
of the liver cells (which are nucleated cells) with those of the
reticulocytes (which are enucleated cells) indicates that the fac-
tors from the two sources are very similar if not identical.

2) Mechanism of hemoglobin initiation ; The initiator tRNA
for rabbit hemoglobin biosynthesis, Met-tRNAp, has also been
identified as the initiator tRNA for all globin chains studied
including human alpha, beta, and gamma chains and sheep alpha,
pA^ pB^ and p'-' chains. The initial dipeptide for all chains
starting with valine is Metp-val; Metp-gly has been identified as

the initial dipeptide for the human gamma chain. Tripeptide syn-
thesis on both alpha and beta rabbit mRNA has also been achieved.
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The precise steps in the mechanism of initiation of globin chains
are now being studied.

3) Molecular basis of thalassemia ; Active messenger RNA has
been isolated from various human disease states, including beta-
thalassemia, sickle cell anemia, auto immune-hemolytic anemia (AHA)
and erythroblastosis fetalis. The globin chain pattern synthe-
sized by the patient's intact cells is reproduced in a rabbit
cell-free protein-synthesizing system that has been programmed
with globin mRNA isolated from the patient's cells. Thus the
defect in beta-thalassemia , as well as in sickle cell anemia,
resides in the messenger RNA. The globin pattern in AHA and
erythroblastosis fetalis is normal, and this normal pattern is

reproduced in the cell-free system by the isolated globin mRNA.

A report of the new programs established during the past
twelve months follows:

1) Hemoglobin A to C switch in sheep and goats : In order to
study the regulatory controls in hemoglobin gene expression, the
switch from hemoglobin A to C in sheep and goats is being studied
as a model system. Immature sheep and goats have hemoglobin C
in their blood cells; this hemoglobin is replaced by hemoglobin A
in the adult animal. However, anemic stress, or the injection of
the blood hormone erythropoietin, produces a switch back to hemo-
globin C in the adult animal. Elevation of the hematocrit switches
the hemoglobin pattern from C back to A. This pattern of hemo-
globin switching is reproduced in the cell-free system programmed
by isolated mRNA from the bone marrow cells of the animal. Thus
the switch is mediated by a change in functional mRNA.

2) Tissue culture of bone marrow cells : Culture conditions
are being sought to maintain bone marrow cells in an active meta-
bolic state for several days. It will be attempted to reproduce
the hemoglobin A to C switch in tissue culture in order to establisl
cellular differentiation in vitro.
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Project Title:

Siriil No. NHLI-2aO(e)

1. Molfculir Disfiit Branch
2. Stction on Protsin Structurt

and Llpoprottlng

3. Bithesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 thiough June 30, 1972

The Biochemistry and Metabolism of

Plasma Lipoproteins: The structure and

genetic control of alphalipoprotein.

Previous Serial Numbers: NHLI-282(c) and NHLI-283(c)

Principal Investigators;

Other Investigators:

Cooperating Units:

Samuel E. Lux, M, D.

H. Bryan Brewer, M. D.

Lee A. Witters, M. D.

Donald S. Fredrickson, M. D.

Robert I. Levy, M. D.

Kathryn John, B. A.

Rosemary Ronan, B. A.

Antonio M. Gotto, M. D. , Ph. D,

Richard Jackson, Ph. D.

Baylor College of Medicine
Houston, Texas

Project Description:

Sidney Fleischer
Vanderbilt University

Nashville, Tennessee

Mary Dempsey, Ph. D.

Mary Ritter, Ph. D.

University of Minnesota Medical School

Minneapolis, Minnesota

Objectives : The primary objectives have been the elucidation of the

structure and function of normal plasma high density lipoprotein (HDL) with
a particular emphasis on the structure of the two major HDL apolipoproteins,

apoLP-Gln-I and apoLP-Gln II, and characterization of their lipid binding

sites.

4,2(



NHLI- 260(c)

Met hods: Plasma was collected by plasmaphoresis from fasting normal
subjects. HDL was isolated by centrifugal flotation between densities

1.063-1. 210 g/ml. Apoproteins were obtained by delipidation with ethanol-

ether (1:3) or cholorform-methanol (2:1) and fractionated by chromatography
on Sephadex G-200 or DEAE cellulose in Tris buffers containing 6M urea.

Major Findings:

1, Characterization of apoLP-Gln-I : ApoLP-Gln-I (previously desig-

nated R-Thr) was isolated and fractionated into 2-6 polymorphic forms by a

combination of gel filtration and ion- exchange chromatography. These sub-

f ractions had identical amino acid compositions, electrophoretic mobilities,

molecular weights (27, 700 i 500) and were immunochem ically identical.

They had aminoterminalaspartic acid and carboxyl terminal glutamine. The
rea son for this poljonorphism is unknown. The more likely possibilities

include difference in the content of amides or carbohydrate. The definitive

answer will likely await the results of amino acid sequence studies currently
being pursued in several laboratories .

2. Characterization by apoLP-Gln-II : ApoLP-Gln~II (previously desig-

nated R-Gln) was isolated and shown to be homogenous. The molecule was
found to consist of two identical polypeptide chains connected by a single ,

disulfide bond. Each chain had aminoterminal pyrrolidone carboxylic acid

a nd carboxyl terminal glutamine. The composition of the reduced and S-

carboxylmethylated chains was: SCMCj, PCA-., Asp2, Asn^, Thrg, Serg,

Glug, Gln,^, Pro^, Gly^, Al^ , Valg, Metj, Ilej, Leug, Tyr^, Phe^, and
Lysg. Each polypeptide chain contained 77 residues and had a molecular
weight of 8690.

These polypeptide chains were cleaved with trypsin and cyanogen bro-
mide. The individual peptides were isolated to homogeneity by chromatogra-
phy on DEAE cellulose, CM Sephadex, Sephadex G-10, Sephadex G-75, prep-
arative thin layer plates and by peptide mapping. Cyanogen bromide cleavage
of apoLP-Gln-II followed by reduction and S-carboxymethylation produced
two peptides of 26 and 51 residues. The small peptide was shown to be the

aminoterminal and the larger peptide the carboxylterminal cyanogen bromide
peptide. Tryptic digestion of reduced and alkylated apoLP-Gln-II yielded 8

major tryptic peptides and 7 additional peptides which either contained or
t

were contained in 2 or more of the 8 major peptides. Only single iinique

aminoterminal, carboxylterminal, S-carboxjonethylcysteine -containing,
methionine-containing and isoleucine-containing peptides were found. These
results supported the concept that apoLP-Gln-II is composed of two identical

chains linked by a disulfide bond. The data allowed a partial alignment of

the tryptic and cyanogen bromide peptides and indicated the disulfide bridge
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was in the aminoterminal one-third of the molecule.

Finally, the trj^ptic and cyanogen bromide peptides of apoLP-Gln-
II were sequenced in collaboration with Dr. Bryan Brewer(NHLI- ).

The complete amino acid sequence is: PCA-Ala-Lys-Glu-Pro-SCMS-Val-
Glu-Ser-Leu-Val-Ser-Gln-Tyr-Phe-Gln-Thr-Val-Thr-Asp-Tyr-Gly-Lys-
Asp-Leu-Met-Glu-Lys-Val-Lys-Ser-Pro-Glu-Leu-Gln-Ala-Gln-Ala-Lys-
Ser-Tyr-Phe-Glu-Lys-Ser-Lys-Glu-Gln-Leu-Thr-Pro-Leu-Ile-Lys-Lys-
Ala-Gly-Thr-Glu-Leu-Val-Asn-Phe-Leu-Ser-Tyr-Phe-Val-Glu-Leu-Gly-
Thr-Gln-Pro-Ala-Thr-Gln. ApoLP-Gln-II is the second apoUpoprotein to

be completely sequenced. This information will be of great use in determin-
ing the structural requirements of lipid -binding.

3. Lipid-Binding Studies: ApoHDL, apoLP-Gln-I and apoLP-Gln-II
will recombine spontaneously with phosphatidyl choline (PC) and, in the

presence of PC, with free cholesterol (FC), cholesteryl ester (CE) and tri-

glyceride (TG); other lipids found in HDL. The reconstituted HDL closely

resembles the native molecule in composition, physical properties and ap-
pearance under the electron microscope. As discussed in last year's report,

apoLP-Gln-II has a greater lipid affinity for PC than apoLP-Gln-I.

Procedures were developed for measuring the interaction between HDL
apoproteins and lipids. One approach, described in part in last year's report,

tested the ability of the HDL apoproteins to inhibit the recombination of in-

active apo-^-hydroxybutyric dehydrogenase with the PC necessary to produce
an active enzyme. These studies were carried out in collaboration with Drs.
S. Fleischer, A.M. Gotto and R. Jackson. In a second approach apoproteins
were incubated with various lipids, the lipid-protein complexes isolated by
gel filtration or ultracentrifugal flotation, and the composition of the isolated

complexes determined.

These techniques were applied in an investigation of the conformation
and lipid -binding properties of the cyanogen bromide peptides of apoLP-Gln-
II. The aminoterminal cyanogen bromide peptide failed to bind lipid but the

c arboxyterminal cyanogen bromide peptide retained the ability to bind PC even
though its prim.ary and secondary structure was markedly altered compared to

intact apoLP-Gln-II. Additional measurements of the lipid -binding properties
of other apoLP-Gln-II peptides and of the binding of various lipids and lipid

derivatives by intact apoLP-Gln-II are planned. These studies should enable
us to deternine the minimal protein and lipid requirements for lipid -binding.

4. Lipid -Affinity Labeling : A phospholipid derivative, 4-azido-2-
nitro -phenyl -14c -phosphatidyl-ethanolamine, was synthesized and the stmcture
verified by nuclear magnetic resonance, ultraviolet and infrared spectroscopy.
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In preliminary experiments this derivative was bound by apoLP-Gln-II equally

as well as phosfhatidyl ethanolamine. On irradiation, this light-sensitive

compound was converted to a highly reactive nitrene. Up to 20% of the lipid

could be covalently linked to apoLP-Gln-II, presumably at one or more of

the lipid-binding sites. Further characterization of this photo affinity label

and its site(s) of attachment to apoLP-Gln-II is under active investigation at

the present time. It is anticipated that this and similar derivatives will per-

mit us to at least partially map lipid binding sites in apoLP-Gln-II and other

plasma and membrane apolipoproteins.

5 . Functions of apoLP-Gln-II in Cholesterol Biosynthesis: In

collaboration with Drs. M. Ritter and M. Dempsey of the University of

Minnesota we studied the ability of apoLP-Gln-I and apoLP-Gln-II to subs-

titute for liver squalene-sterol carrier protein (SCP) in cholesterol biosyn-

thesis. Each apo peptide was studied for its ability to activate purified

liver microsomal ' -reductase(substrates: ^* ' -cholestandienol and

^,'^t'24:_^Yr>lestadienol). Under identical conditions, activation by apoLP-

Gln-II was equal to or greater than that by SCP and at least two-fold greater

than that by apoLP-Gln-I. Preliminary observations indicate that, despite

this functional similarity, apoLP-Gln-II and SCP are different proteins.

Proposed Course:

1. The lipid-binding and photo-affinity labelling studies of apoLP-Gln-

II described above will be completed.

2. Studies ofmembrane lipoproteins will be i;nitiated. Initial studies

will focus on the isolation and characterization of er3rthrocyte nambrane
proteins, identification of the membrane lipoproteins and the lipid -protein

interactions of these lipoproteins.

3. These studies will be pursued in part at the NHLI and in part the

Division of Hematology at Children's Hospital Medical Center, Harvard

Medical School, Boston, Massachusetts.

Publications:

Forte, T.M., Nichols, A.V., Gong, E.L., Lux, S.E., and Levy, R.I.:

Electron microscopic study on reassembly of plasma high density apoprotein

with various lipids. Biochim. Biophys. Acta 248: 381, 1971.

Lux, S.E., Hirz, R. , Shrager, R.I. and Gotto, A.M. The influence of lipid

on the conformation of plasma high density apolipoproteins. J. Biol. Chem.
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247: 2598-2606, 1972.

Nichols, A. v.. Lux, S. E. , Forte, T.M. , Gong, E.L. and Levy, R.I. :

Characterization of degradation products following dehydration -rehydration

of human serum high density lipoproteins. Biochim. Biophys. Acta . In

press.

Gotto, A.M., Lux, S.E. and Goodman, D.S.: Circular dichroic studies

of human plasma retinol -binding protein and prealbumin. Biochim. Biophys .

Acta . In press.

Brewer, H. B. , Jr., Lux, S.E., Ronan, R. and John, K. M. : The complete

amino acid sequence of a human plasma high density apolipoprotein, apoI^P-

Gln-II. Proc. Natl. Acad. Sci. In press.
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Project title: Chemistry and conformation of

apoLP-ala, a carboxyl terminal ala-

nine peptide derived from the very low
density lipoprotein (VLDL) particle,

(a) amino acid composition

(b) complete amino acid sequence

(c) physicochemical properties

(d) recombination of apoLP-ala with

lipids.

2. Chemistry of apoLP-Gln-II, a carboxyl

terminal glutamine peptide derived from
the high density lipoprotein (HDL)
particle

.

(a) complete amino acid sequence.

3. Chemistry and physical properties of

bovine parathyroid hormone.
(a) physico chemical properties

(b) interaction with lipids.
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Project Description:

1(a) Objective: Determination of the definitive amino acid compo-
sition of apoLp-ala.

Methods Employed: ApoLp-ala was isolated from normal volunteers,

and patients with types IV and V hyperlipoproteinemia. The methods for

the isolation of apoLP-ala has been detailed in previous reports and in-

volves the fractionation of delipidated VLDL on Sephadex G-150 followed

by ion exchange on DEAE cellulose. The amino acid composition was
determined by timed acid hydrolysis and enzymatic digestion of the

isolated tryptic peptides.

Major Findings: ApoLp-ala isolated by these techniques gave a single

electrophoretic band on disc gel electrophoresis, and a single amino
terminal residue serine by the Edman procedure. The amino acid compo-
sition of the intact apoprotein is as follows: Asp , Gin Glu.. Ser ,

Thr^, ^^10' ^^^6' ^^^3' •'"^''5' '^^''2' -^^^4' ^""^2' ^^^Q' ^^""2' ^^^2'

Trp , His . The peptide contains 79 amino acids. No isoleucine is

present.

1(b) Objective: Determination of the complete covalent structure of

apoLp-ala,

Methods Employed: The complete amino acid sequence of apoLp-ala

was determined by the isolation and characterization of peptides derived

from enzymatic and chemical cleavages at specific amino acid residues,

and sequential Edman degradations on the intact molecule and tryptic

fragments.

Major Findings: The individual peptides obtained from the various

methods of cleavage were isolated in homogeneous form by gel filtration,

or ion exchange chromatography. The combined results provided a series

of overlapping peptides for the entire molecule, as well as the definitive

position of several residues in the sequence. The complete amino acid

sequence was determined by sequential Edman degradations employing

both the manual procedure and the automated Beckman sequence, model
890B. The combined results provided a unique amino acid sequence for the

apo-protein which is as follows: Ser-Glu-Ala-Glu-Asp-Ala-Ser-Leu-Leu-
Ser-Phe-Met-Gln-Gly-Tyr-Met-Lys-His-Ala-Thr-Lys-Thr-Ala-Lys-Asp-
Ala-Leu-Ser-Ser-Val-Val-Gln-Ser-Gln-Gln-Val-Ala-Ala-Gln-Gln-Arg-
Gly-Trp-Val-Lys-Asp-Lys-Phe-Ser-Glu-Phe-Trp-Asp-Leu-Asp-Pro-Glu-
Val-Arg-Pro-T^r-Ser-Ala-Val-Ala-Ala. The carbohydrate is attached at

Cho
residue 74.
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1(c) Objective: To evaluate the secondary and tertiary structure of

apoLp-ala, and to evaluate the effect of pH and sialic acid on the conform-
ation of the apoprotei n.

Methods Employed; The degree of secondary structure (tt-helix or

jS structure) of apoLp-ala in aqueous solution was determined by circular

dichroism and optical rotatory dispersion. Tertiary interactions were
assessed by the near ultraviolet circular dichroism and fluorescence of the

aromatic amino acids. ApoLp-ala is isolated in two polymorphic forms
from DEAE chromatography; one form contains 1 mole of sialic acid, the

other two moles of sialic acid. Asialo apoLp-ala was prepared by in-

cubation with neuraminidase.

Major Findings: ApoLp-ala in aqueous solution at nentral pH exists

predominantly as a random coil with approximately 15% helix. In 90%
2-chloroethanol, apoLp-ala assumed a structure containing approximately

80% helix. The fluorescence spectrum of apoLp-ala revealed a peak at

348 niju characteristic of free tryptophan in aqueous solution. A 30% loss

of tryptophanyl fluorescence was observed during alkaline titration con-

sistent with the adjacent positions of Tyr-53 and Trp-54 in the primary
sequence.

No significant difference in conformation could be detected by circular

dichroism between the asialopolypeptide or the molecule containing one or

two moles of sialic acid indicating that the sialic residue was not a major
determinant of the conformation of apoLp-ala.

1(d) Objective: Determine the effect of the recombination of phospho-
lipids on the conformation of apoLp-ala.

Methods Employed: Similar to those employed in 1(c).

Major Findings: ApoLp-ala when recombined with phospholipid showed
a significant change in conformation with a shift from predominately a

random coil to a helical molecule containing 40-60 percent helix. Thus,

it appears that the peptide can dramatically change its conformation in a

hydrophobic environment, such as 2-chloroethanol or when combined with

lipids. Therefore, apoLp-ala when circulating in the blood stream com-
bined with lipid undoubtedly has a high degree of ordered structure, in

marked contrast to the predominately unordered conformation that is present
when the polypeptide is delipidated.

2(a) Objective: Determination of the complete amino acid sequence
of apoLp-Gln-II, a carboxyl terminal glutamine peptide derived from the

high density lipoprotein (HDL) particle,
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Methods Employed: The complete amino acid sequence of apoLp-Gln-II

was obtained by manual and automated Edman Degradations of peptide de-

rived from chemical and enzymatic cleavages of reduced and alkylated

apoLp-Gln-II. The phenylthiohydantoin amino acids were identified by gas

chromatography and mass spectroscopy.

Major Findings: The isolation and characterization of apoLp-Gln-II is

detailed in a separate report. The isolated polypeptide contains 77 amino
acids, and has no covalently bound carbohydrate or lipid. The amino acid

composition was determined by timed acid hydrolysis and total enzymatic

digestion of the reduced and alkylated peptide and is as follows: Asp2 ,

Asn,, Thr^, Ser., Glu., Gln„, Pro., Gly„, Ala Val„, Met lie Leu
1 6697 4ooD 11 o

Tyr Phe , Lys^, SCMC . The isolated apoprotein contain 154 residue

with a single disulfide bridge. The complete amino acid sequence is as

follows: PCA- Ala - Lys - Glu - Pro - SCMC - Val -Glu - Ser - Leu - Val -

Ser - Gin - Tyr - Phe - Gin - Thr - Val - Thr - Asp - Tyr - Gly - Lys -

Asp - Leu - Met - Glu - Lys - Val - Lys - Ser - Pro - Glu - Leu - Gin -

Ala - Gin - Ala - Lys - Ser - Tyr - Phe - Glu - Lys - Ser - Lys - Glu -

Gin - Leu - Thr - Pro - Leu - He - Lys - Lys - Ala - Gly - Thr - Glu -

Leu - Val - Asn - Phe - Leu - Ser - Tyr - Phe - Val - Glu - Leu - Gly -

Thr - Gin - Pro - Ala - Thr - Gin, The apoprotein contains amino terminal

pyrolidone carboxylic acid, and carboxyl terminal glutamine.

3. Objective: To assess the secondary and tertiary structure of bovine

PTH.

Methods Employed: Similar to those employed in section 1 (c).

Major Finding: Previous studies reported in detail last year indicated

that the bovine PTH hormone exists predominantly as a random coil in

aqueous solution with at most only 1-2 turns of helix. This structure is re-

duced to that of a random coil in 6M guanidine; in 2-chloroethanol PTH
formed a structure containing 50% helix. Further studies have now been
undertaken to delineate the tertiary structure of the hormone in aqueous

solution. Acidic titration of the hormone in aqueous solution revealed no

change in tryptophanyl fluorescence indicating no observable structural

transition occurred in the hormone within the acidic to neutral pH region.

On alkaline titration, however, a 35% loss of tryptophanyl fluorescence was
observed, which could be normalized in 6M guanidine. The tyrosine and

tryptophan residues are located at positions 23 and 43 respectively, in the

sequence. These results suggest that there is a conformational association

of the tyrosine and tryptophan in the hormone, which can be normalized in

a denaturing solvent. The near UV circular dichroism of PTH revealed
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only minor bands in the phenylalanine (255-265nm), tyrosine (270-275 nm),
and tryptophan (280 nm) region indicating that there was a high degree of

rotational freedom of these residues in the molecule. Thus, it appears
that bovine PTH contains very little secondary structure in aqueous solution,

however a tertiary structural loop of 20 amino acids may be present in the

amino terminal region of the molecule thereby bringing the tyrosine and
tryptophan residues in close proximity in the overall conformation.

4. Objective: To determine the conformational change in PTH during
the interaction with phospholipids.

Methods Employed: Lysolecithin was added to aqueous solution of PTH
in increasing concentrations (molar ratio 20 to 200) and the changes in con-
formation induced by the interaction of PTH and lysolecithin were assessed
by circular dichroism.

Major Findings : In aqueous solution bovine PTH contains only 10-12%
helical structure. With the addition of lysolecithin there was a progressive
increase in helical content to approximately 50%, Thus, PTH underwent a

dramatic shift in conformation from essentially a random coil to a helical

polypeptide during the interaction with lipids.

Significance to Biochemical Research and the Program of the Institute :

This work is directed toward a greater understanding of the structure,

function, and physiological role of lipoproteins in normal and abnormal
lipid transport. Determination of the complete covalent structure of two
human plasnaa lipoproteins, apoLp-ala from VLDL and apoLp-Gln-II from
HDL, will now enable more detailed studies to be performed on the nature
of lipidprotein interactions, as well as the specific amino acid residues
that are prerequisite for lipid -binding, and immunological activity of the

lipoprotein molecules. In addition the knowledge of the primary structure
of the lipoproteins will now enable chemical synthesis of structural analogs
of the apoproteins which will permit further delineation of the structure

-

function required on these unique groupsof proteins. These studies are
particularly germane to the elucidation of the pathogenesis and mechanism
of abnormal lipid transport in atherosclerosis.

Proposed Course:

It is planned next year to continue the structural analysis of other
apoproteins from VLDL and HDL, In addition, a systematic investigation
will be continued to determine the amino acid residues that are responsible
for the lipid binding of the apoproteins. These studies will involve the
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dissociation and reassembly of the apoproteins with lipid, and assessment
of the resultant complex with chemical and spectral techniques. Ultimately

it is hoped that these studies will provide insight into the amino acid resi-

dues or types of residues (hydrophobic, hydrophilic, etc.) in polypeptides

which are responsible for lipid binding.

Publications :

1. Shulman, R. , Herbert, P., and Brewer, H.B., Jr.: A conformational

study of apolipoprotein obtained from very low density lipoprotein

(VLDL) Fed. Proc. 32, 1971.

2. Brewer, H, B., Jr., Shulman, R, , Herbert, P., Ronan, R, , and Wehrly,

K. : The complete amino acid sequence of an apolipoprotein obtained

from human very low density lipoprotein (VLDL), Advan. Exp. Med.
Biol. In press.

3. Pisano, J. J. , Bronzert, T. , and Brewer, H.B., Jr. Advances in the

gas chromatographic analysis of amino acid phenyl and methyl thio-

hydantoins: Anal. Biochem. _45, 43, 1972.

4. Fales, H.M., Nagai, Y. , Milne, G. W. A, , Brewer, H. B, , Jr. ,

Bronzert, T, J, , and Pisano, J, J. : The use of chemical ionization

mass spectrometry in the analysis of the amino acid phenylthio-

hydantoin derivatives formed during the Edman degradation of proteins.

Anal, Biochem. 43, 288, 1971.

5. Lux, S.E., John, K.M., and Brewer, H. B. , Jr. Isolation and
characterization of ApoLp-Gln-II (apoA-II). J. Biol. Chem, In press.

6. Brewer, H. B. , Jr., Lux, S.E., Ronan, R. , and John, K. M. Amino
acid sequence of ApoLp-Gln-II (apoA-II), an apolipoprotein isolated

from the high density lipoprotein complex. Proc. Nat, Acad. Soc. ,

May, 1972,

7. Fales, H. M. , Milne, G. W. A. , Pisano, J. J., Brewer, H. B. , Jr.,

Blum, M.S., McConnell, J.G. , Brand, J., Law, N. : Biological

applications of election ionization and chemical ionization mass
spectrometry. Recent Prog. Hormone Res. 27, 282, 1971,

8. Brewer, H.B., Jr., Chemistry and conformation of the bovine para-

thyroid hormone. In Taylor, S. (ed). Endocrinology, 1971, London,
Heinemann Medical Books, Ltd. , 1971. In press.

9. Lux, S. , John, K.M., Ronan, R., Brewer, H.B., Jr., Amino acid

sequence of ApoLp-G-II: Isolation and characterization of tryptic and

cynogen bromide peptides, J. Biol. Chem. In press.
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2. Section on Molecular Disease
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PHS-NIH
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July 1, 1971 through June 30, 1972

Project Title: Glycolipids and Other Lipid Constituents

of Normal Human Liver

Previous Serial Number: NHLI-284(c)

Principal Investigators: Howard R. Sloan, M.D, , Ph.D.
Donalds. Fredrickson, M.D.

Other Investigators: Barbara Davis, B. S.

Stephen Demosky, B,S.

Cooperating Units: None

Project Description:

Objectives: The principal objective of this study is development of an

inclusive method for determination of simple and complex lipids, including

the neutral glycolipids and gangliosides in plasma and tissues, for purposes
of improved diagnosis of the lipidoses. The human liver has been used as

the prototype tissue source. The methodology is particularly needed to gain

insight into the biochemical interrelationships of the neutral glycolipids to

each other and to other lipid classes.

Methods: Lipids were extracted from liver specimens (0. 5 - 1.0 gms
wet weight) with C:M(2:1) and partitioned according to Folch. The lower
phase was subjected to silicic acid chromatography. The following were
obtained: (1) neutral lipids, (2) neutral glycolipids (contaminated with small

amount of phospholipid), and (3) remaining phospholipids. Cholesterol and

glycerides were determined by automated techniques. Phospholipids in the

glycolipid fraction were removed by alkaline methanolysis. The glycolipids

were separated by thin-layer chromatography and their carbohydrate com-
position determined by gas chromatography of trimethylsilyl (TMS) deriva-

tives following acid methanolysis. This technique also permitted the

determination of the amount of each glycolipid present in the liver sample.
The phospholipid composition was determined on a separate aliquot of the

lower phase. The gangliosides in the upper phase were studied by thin-layer
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and gas-liquid chromatography, and by the determination of the amounts of

sialic acid in each class of gangliosides.

Major Findings:

1. An analysis of the lipids in normal human liver was developed that

is particularly designed to assist in the classification and study of lipid

storage diseases. Special emphasis has been given to determine the

quantity and composition of the neutral glycolipid classes and predominant

gangliosides. The neutral glycolipid content of 0.19 (S, D. ± 0. 11) fxraoles

per gm wet tissue represented 0. 4 percent of the total lipid in liver.

Ceramide dihexoside was the most abundant neutral glycolipid. The mean
contents of cholesterol, glycerides, and total phospholipids were 3. 9,

19. 5 and 25. 1 mg/gm wet weight, respectively. The relative amounts of

seven different phospholipid classes were also determined; these included

phosphatidyl choline, 42. 6%; lysophosphatidyl choline, 1. 3; phosphatidyl

ethanolamine 25.4%; phosphatidyl inositol 6, 9%; phosphatidyl serine 7. 5%;

sphingomyelin 7. 0% and cardiolipin 3, 9%. The normal amounts of each

of six ganglioside classes within the liver have also been deterniined.

2. The use of the technique developed in this study have permitted the

confirmation of the second case of Niemann-Pick disease, type A, that has

been diagnosed in utero. The concentration of sphingomyelin in the affected

fetal liver was approximately seven times that found in normal contro

fetal liver.

3. The use of the techniques described in this project report has per-

mitted the confirmation of the in utero diagnosis of the first case of

G, Gangliosidosis. The concentration of ganglioside G in the fetal liver

was 1. 7times the normal value and the concentration in the fetal brain was
2,3times the normal value.

Significance to Biomedical Research and the Program of the Institute :

Tissue storage of lipids is a principal process in atheromata formation.

Studies which elucidate abnormalities in lipid metabolism and provide new
means for the detection of biochemical defects offer useful new approaches

which may yield specific clues to the process of atherogenesis.

Proposed Course:

Investigation of abnormal human livers and particular emphasis on pati-

ents with previously "unclassified" lipidoses.
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Publications:

1. Kwiterovich, P.O., Sloan, H.R. and Fredrickson, D. S.: Glycolipids

and other lipid constituents of normal human liver. J, Lipid Res. 11,

322, 1970.

2. Fredrickson, D. S. and Sloan, H.R. : Glucosylceramide lipidosis:

Gaucher 's disease. Chapter 33. In The Metabolic Basis of Inherited

Disease, third ed. , J.B. Stanbury, J.B. Wyngaarden and D. S.

Fredrickson (eds.) New York, McGraw-Hill, p. 730-759, 1972.

3. Fredrickson, D, S. and Sloan, H.R.: Sphingomyelin lipidosis: Niemann-
Pick disease. Chapter 35. Ibid., p. 783-807.

4. Sloan, H.R. and Fredrickson, D.S. : Rare familial diseases with neutral

lipid storage. Chapter 36. Ibid., p. 808-832.

5. Sloan, H.R,: Ganglioside G -/3-Galactosidase. I. Ganglioside G-_ -

j3-Galactosidase from Human Liver in Methods of Enzymology: Complex
Carbohydrates . V, Ginsberg (ed) Academic Press, New York. In press.
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PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Tissue Lipidoses: Abnormal biochemistry
in tissue lipid storage diseases.

Previous Serial Number: NHLI- 285(c)

Principal Investigators: Howard R. Sloan, M. D. , Ph.D.
Donalds. Fredrickson, M.D.
Jan Bre slow, M.D.

Other Investigators: Barbara Davis, B.S.
Stephen Demosky, B.S.
Briston Williamson

Cooperating Units: B. William Uhiendorf, Ph.D.
Laboratory of Viral Immunology, DBS

Carl Hansen, Ph.D., DRS, Laboratory
Aids Branch

Project Description:

Objectives: To improve the knowledge of the biochemical basis of the

genetically determined tissue lipid storage diseases as well as to improve
diagnostic techniques for both the patients and possible heterozygous carriers.

Preliminary findings in this laboratory several years ago indicated that cells

derived from the bone marrow of patients with Niemann-Pick disease had
an abnormal sphingomyelin content. The study of the accumulation of

sphingomyelin in tissue culture cells has now been extended to studies of

the enzymatic defects in several lipid storage disorders. Specifically, it

has now been demonstrated that bone marrow and skin fibroblasts derived
from patients with Niemann-Pick disease. Types A and B, have a markedly
depressed level of the enzyme which cleaves sphingomyelin. This type of

investigation has been extended to studies of sulfatide lipidosis, Gaucher'

s

disease, Fabry's disease, and generalized gangliosidosis. These diseases
offer a model of great interest for study of the lipid storage diseases.

Methods: Patients with Niemann-Pick disease, metachromatic
leukodystrophy, Fabry's disease, G Gangliosidosis, and patients with
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other lipid storage disorders are admitted for evaluation, including biopsies

for chemical studies if indicated. In addition, bone marrow and skin biop-

sies are obtained and the resulting tissue is propagated in tissue culture.

The cells are cultivated and processed as described in previous reports.

Homogenates and sonicates of solid tissues and tissue cultures are pre-

pared for evaluation of their lipid composition as described previously.

The lipid composition of cultured fibroblasts from patients with the

various lipid storage disorders have been determined. In addition, the

concentration of various lipids in the plasma of patients with the various

lipid storage disorders have also been evaluated.

Major Findings:

1. It has been demonstrated that both sphingomyelin and cholesterol

are elevated to a marked degree in Niemann-Pick disease, types A and B.

It has also been shown that there is a more modest accumulation of these

two lipids in Niemann-Pick disease, types C and D.

2. Sphingomyelin is not present in increased concentrations in the

plasma of patients with Niemann-Pick disease. The concentration of

glycosyl ceramide in the plasma was increased in only two of four patients

with Gaucher 's disease. Increased concentrations of galactosyl, galac-

tosylglucosyl ceramide were apparent in plasma of two patients with Fabry's
di sease.

3. The fm mouse strain has been well established now at NIH, These
mice have a lipidosis which seems somewhat similar to adult of Type C
human Niemann-Pick disease. The sphingomyelin and cholesterol content

in the thymus is significantly higher in affected animals than in normals.
The content of sphingomyelin cleaving enzyme in the liver, thymus, and

spleen of affected mice, however, was not depressed when compared with

control mice of the same strain. Further studies have been performed
which demonstrate unequivocally that the major compound stored in sphingo-

myelin and not lysolecithin as previously reported. In addition, marked
accumulations of glycolipids and gangliosides have been demonstrated in

the affected mice. No specific ganglioside or glycolipid class is accumu-
lated.

4. The recent death of the first patient with Cholesteryl Storage Dis-

ease (CESD) has provided the first opportunity to determine that the breadth

of tissue involvement in this disorder is generalized and not localized to the

liver as had previously been believed. Cholesteryl ester and triglyceride

^%



Serial No. NHLI-263(c)

accumulation was demonstrated in the liver, spleen and lymph nodes in the

patient with Cholesteryl Ester Storage Disease (CESD).

5. The diagnostic capabilities of the Molecular Disease Branch have

been expanded to include all the major lipid classes and all the carbo-

hydrates important in mammalian biochemistry.

Significance to Biomedical Research and the Program of the Institute:

Tissue storage of lipids is a principal process in atheroma formation.

Studies which elucidate abnormalities in lipid metabolism and which provide

new means for the differentiation of biochemical defects offer useful new
approaches which may yield specific clues to the process of atherogenesis.

Moreover, a perpetuation of metabolic disorders in tissue culture cells

makes possible a detailed approach to the pathogenesis and control of meta-

bolic disorders. In addition, this perpetuation may facilitate the study of

the genetic defect in the various lipid storage disorders.

Proposed Course;

1. The mechanism of at least four new previously undescribed lipidoses

is now under study.

2. Continued study of the fm strain of mice. Attempts will be made to

study the rate of synthesis of sphingomyelin and cholesterol in young
animals before the disease becomes clinically manifest. The nature of the

glycolipid and ganglioside accumulation will also be investigated.

3. The extent of the storage of cholesteryl ester and triglyceride in

other tissues of the patient with Cholesteryl Ester Storage Disease will be

evaluated.

Publications :

1. Sloan, H,R. and Fredrickson, D.S. G gangliosidoses: Tay-Sachs
disease. The Metabolic Basis of Inherixed Disease, third ed. , Chapter

29, 1971.

2. Fredrickson, D.S. and Sloan, H.R.: Glucosylceramide lipidosis:

Gaucher's Disease. The Metabolic Basis of Inherited Disease, third

ed.. Chapter 33, 1971.

3. Fredrickson, D.S. and Sloan, H.R.: Sphingomyelin lipidosis: Niemann-
Pick disease. The Metabolic Basis of Inherited Disease, third ed. ,

Chapter 35, 1971.
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4. Sloan, H.R. and Fredrickson, D.S.: Rare familial diseases with

neutral lipid storage. The Metabolic Basis of Inherited Disease,
third ed. , Chapter 36, 1971.

5. Sloan, H.R., Breslow, J.L. and Fredrickson, D. S.: Purification

and properties of two sphingolipid hydrolases. In Proceedings of the

Fourth International Symposium on Sphingolipids, Sphingolipidoses and
Allied Disorders. Edited by F. M. Aronson and B. W. Volk, Plenum,
New York, In press.
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2. Section on Molecular Disease

3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Tissue Lipidoses: Microscopic studies

in tissue lipid storage diseases.

Previous Serial Number: NHLI - 285 (c)

Principal Investigators: Howard R. Sloan, M.D., Ph.D.
Donalds. Fredrickson, M.D.

Other Investigators: Stephen Demosky, B.S.

Briston Williamson

Cooperating Units: Victor J. Ferrans, M.D., Ph.D.
Cardiology Branch, NHLI

Project Description:

Objectives: To improve the knowledge of the biochemical basis of

the genetically determined tissue lipid storage diseases as well as to im-

prove diagnostic techniques for both the patients and possible heterozygous

carriers. Also, to demonstrate the nature of the microscopic abnormalities

in the tissue lipid storage diseases and in the hyperlipoproteinemias. It

has been known that lipid laden macrophages from patients with various

lipid storage disorders and hyperlipoproteinemias can be demonstrated in

the bone marrow. The study of the light and electron microscopic appear-

ance of these macrophages may provide further understanding of the process

by which lipid is stored within tissues in pathological conditions.

Methods: Patients with various lipid storage diseases and hyperlipo-

proteinemia are admitted for evaluation including biopsy of the bone marrow
and /or liver. Small sections of the liver and other tissues are fixed in

Baker's formalin, phosphate -buffered Glutaraldehyde, and digitonin-

Glutaraldehyde. Spicules of bone marrow are fixed in a similar fashion.

Sections are prepared from each of these tissues for examination with the

light and electron microscope.

In addition, tissue culture cells have been grown on cover slips and

have been incubated with 5-bromo-4-chloro-3-indolyl-^-galactopyranoside
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(BCI-gal). Peripheral leukocyte cultures and lO/it thick sections of human
liver, spleen and kidney have also been incubated with this histochemical

substrate. The blue color, resulting from the formation of indigo follow-

ing cleavage of the terminal galactose of this molecule, indicates the presence

of /3-galactosidase activity in the tissue. This method has been extended to

BCI-glucose and BCI-sulfate.

Major Findings:

1. The use of the BCI-gal assay has permitted the first intrauterine

diagnosis of a case of G-j gangliosidosis. Chemical, enzymatic, and

histochemical study of tissue from the abortus verified the diagnosis.

2. Significant differences have been demonstrated at the electron

microscopic level between the lipid-laden macrophages observed in various

forms of Niemann-Pick disease. In addition, the electron microscopic

appearance of macrophages from patients with Gaucher' s disease and

G. gangliosidosis have been carefully studied.

3. The auto-fluorescence of macrophages in various lipid storage

diseases is presently under investigation.

Significance to Biomedical Research and the Program of the Institute:

Tissue storage of lipids is a principal process in atheroma formation.

Light microscopic and electron microscopic studies may help to elucidate

the mechanism by which lipid is stored within tissues in various pathological

conditions and may provide specific clues to the study of the process of

atherogenesis.

Proposed Course:

1, Extension of the electron microscopic study of the macrophages

found in tissue and bone marrow from patients with the lipid storage dis-

orders.

2, Continued study of the auto-fluorescence of these macrophages.

3, Electron microscopic examination of fibroblasts derived from

patients with various lipid storage diseases and the hyperlipoproteinemias,

including patients who are homozygous for type II hyperlipoproteinemia.
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Publications;

1. Sloan, H.R. Ganglioside G -/3-galactosidase II. Histochemical
Assay of j3-galactosidase activity. In Methods in Enzymology:
Complex Carbohydrates, edited by V. Ginsberg, Academic Press,
New York, In press.

2. Sloan, H.R. and Breslow, J. Foam Cells in Lipid Storage Disease,
Pediatric He motology, edited by Nathan, D. and O ski, F. , In press,

3. Sloan, H.R. The Clinical Manifestations and Chemical Pathology of

the Sphingolipidoses and Other Storage Disorders, Annals of

Clinical Laboratory Science, In press.
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Project Title: Enzymatic Studies in Tissue Lipid Storage

Diseases.

Previous Serial Number: NHLI -2 85(c)

Principal Investigators: Howard R. Sloan, M.D., Ph.D.
Donald S. Fredrickson, M.D.
Jan Breslow, M.D.

Other Investigators: Barbara Davis, B.S.
Stephen Demosky, B.S.
Briston Williamson

Cooperating Units: B. William Uhlendorf, Ph.D.
Laboratory of Viral Immunology, DBS

Project Description:

Objectives : To improve the knowledge of the enzymatic basis of the

genetically determined tissue lipid storage disorders, as well as to improve
diagnostic techniques for both the patients and possible heterozygous carriers.

Preliminary findings in this laboratory several years ago indicated that tis-

sue culture cells derived from the bore marrow and skin of patients with

Niemann-Pick Disease, types A and B, had a markedly depressed level of

the enzyme which cleaves sphingomyelin. This type of investigation has been
extended to a large group of patients with: Gaucher's disease, Sulfatide

lipidosis, Fabry's disease and GjyQ gangliosidosis. These diseases offer

a model of great interest for a study of lipid storage within tissues.

Methods: Patients suspected of having one of the lipid storage dis-

orders are admitted either to the outpatient clinic or to the Clinical Center
for evaluation, including biopsy for chemical and enzymatic studies as indi-

cated. In addition, skin biopsies are obtained and the resulting tissue is

propagated in tissue culture. The cells are cioltivated and processed as

described in previousreports. Homogenates and sonicates of solid tissues

and tissue culture cells are prepared for enzymatic analyses as previously
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Methods have been developed for labeling five complex lipids with

radioactive isotopes. Sphingomyelin, galactosyl ceramide, glucosyl ceranide^

ganglioside Gy^, and sulfatide have been labeled specifically in the choline,

galactose, glucose, galactose, and sulfate moiety, respectively. In addition,

the chemical synthesis of cholesteryl oleate (labeled in the 1-carbon of

palmitic acid), a- monoolein (labeled in the l-carbon of oleic acid), and
hexadecanyl-1, 2-dioleate (labeled in the 1-carbon of oleic acid) have been
achieved. With the use of these substrates and several commercially avail-

able nitrophenyl derivatives, tissue specimens and tissue culture cells from
over 180 individuals have been carefully studied.

It has been demonstrated that many of the lysosomal hydrolases are
stable following extraction in butanol. This has permitted significant de-
lipidation and further purification of several sphingolipid hydrolases. In

addition, a novel method of purifying sphingolipid hydrolases has also been
d eveloped and extended. Sphingomyelin has been deacylated and the resulting

sphingosylphosphorylcholine has been covalently bonded to sepharose with

water-soluble carbodiimides. Sphingomyelin acid hydrolase binds avidly to

the altered sepharose. A similar technique has been employed with glucosyl
ceram.ide and sulfatide. Artificial analogues of sphingomyelin and sulfatide

(p-nitrophenyl jii osphorylcholine and p -amino catchol sulfate) have also been
chemically synthesized and bonded to sepharose in a similar fashion. The
artificial analogues of the complex lipids have been useful in further puri-
fication of these sphingolipid hydrolases.

Major Findings:

1. A marked decrease in sphingomyelin cleaving enzyme was de
strated in tissue cultures from patients with the classical infantile form, of

Niemann-Pick disease, and the patients with the juvenile -visceral form of

this disorder, type B. The enzymatic activity isnormal in both tissue and
tissue cultures of patients with types C and D, Niemann-Pick disease.

2. Fibroblasts derived from skin and bone marrow os six patients

with generalized gangliosidosis have markedly depressed activity of j3-

galactosidase as demonstrated with both e-nitrophenylgalactopyranoside and
ganglioside G-[yr-,-'^H.

3. Fibroblasts derived from the skin of seven patients with meta-
chromatic leukodystrophy (sulfatide lipidosis) have be en studied. These
c ells contain a markedly decreased activity of sulfatidase activity emplojang
ceramide galactose-3-sulphate-3 5s as substrate. With paranitrocatechol
sulfate as substrate the preparations from patients with sulfatide lipidosis

have markedly depressed arylsulfatase A activity but normal arylsulfatase
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B activity.

4. The activity of four enzymes, sphingomyelin cleaving enzyme,
glucosyl ceramide cleaving enzyme, G-jyQ-^-galactosidase, and ceramide
galactose-3 -sulfate sulfatase, have been determined in twenty -three fibro-

blast lines derived from human amniotic fluid. Fibroblasts derived from
a mniotic fluid obtained as early a s the third month of gestation have measure-
able levels of the various specific hydrolases. This finding might permit

the intrauterine diagnosis of the three disorders characterized by absence

of these enzymes as early as the 20th week of gestation.

5. The determination of the activities of sphingolipid hydrolases in

amniotic fluid fibroblast lines has permitted the intrauterine diagnosis of

the first case of Gyy, gangliosidosis. The level of ^-galactosidase determined

with an artificial substrate was less than 5% of the control value and the

level with the authentic substrate, G]yQ-^H, was less than 1% of the value in

control amniotic fluid fibroblasts. The fetus was aborted and the diagnosis

confirmed by chemical and enzymatic studies on tissue from the abortus. In

addition, the second intrauterine diagnosis of Niemann-Pick disease has been
achieved by the application of enzyme analysis to amniotic fluid cell line

fibroblasts.

6. Sphingomyelin cleaving enzyme from rrrmal human liver has been
purified by a combination of the techniques of classical enzyme biochemistry
and affinity chromatography employing sphingosylphosphorylcholinesepharose.

A preparation has been obtained in which the sphingomyelin-cleaving enzyme
has been purified overlO, 000-fold. Polyacrylamide gel electrophoresis

reveals the presence of only one major and two minor protein components.
Butanol extraction of the most highly purified enzymes has successfully

removed more than 95% of the lipid and enzymatic activity has been retained.

7. Sulfatide- sulfatase from normal urine has been completely
purified by a combination of classical and affinity chromatogr^hic techniques.

The protein is apparently homogenous when examined by polyacrylamide gel

electrophoresis.

8. Glucosyl ceramide-/3-gLucosidase from normal liver has also

benn extensively purified by these techniques; in a similar fashion ganglioside

G-iwn -^-galactosidase has been purified from human liver. In both cases, the

enzyme preparation is more than 90% pure.

9. The enzymatic defect in the disease Cholesteryl Ester Storage
Disease (CESD) has been defined. Homogenates of tissue (liver, spleen.
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lymph node, and skin fibroblasts) from patients with CESD do not catalyze

the cleavage of either cholesteryl oleate, cholesteryl palmatate, tripalmitin,

or triolein. A similar defect, employing radioactive labeled substrate, has
been demonstrated in Wolman's Disease. Recently, a striking differentia-

tion between these two disorders has been achieved, employing the substrate
DL-hexadecanyl-1, 2-dioleate. Liver from, a patient with Cholesteryl Ester
Storage Disease can catalyze the cleavage of this compound whereas the

liver from a patient -with Wolman's Disease cannot.

Significance to Biomedical Research and the Program of the Institute:

Tissue storage of lipids is a principal process in atheroma formation.
Studies which elucidate abnormalities ia lipid metabolism and viiiich provide
new means for the differentiation of biochemical defects offer useful new
approaches which may yield specific clues to the process of atherogenesis.
Moreover, a perpetuation of metabolic disorders in tissue culture cells

makes possible a detailed approach to the pathogenesis and control of meta-
bolic disorders. In addition, this perpetuation may facilitate the study of

the genetic defect in the various lipid storage disorders. The purification of

the various pshingolipid hydrolases may permit detailed understanding of

s everal lipid storage disorders at the molecular level, and thereby facilitate

our understanding of the process of lipid accumulation within tissues.

Proposed Course:

1. Quantification of the sphingomyelin cleaving, the ^-glucosidase,
the G-jy[-]^-|3-galactosidase, and the sulfatide sulfatase enzyme activities in

parents (heterozygotes) of patients in comparison with normals.

2. The study of the enzymatic defects in at least four new and pre-
viously undescribed lipid storage disorders is now under study.

3. Determination of the defect in the primary protein structure of

the abnormal sphingomyelin cleaving enzymes in two t3rpes of Niemann- Pick
disease, two types of Gaucher's Disease, and in the Gjyr]^ -gangliosidoses.

4. Further studies of the activities of the various sphingolipid
hydrolases in tissue culture cells derived from skin and amniotic fluid.

5. Further delineation of the extent and precise rature of the enzynatic
abnormalities in Cholesteryl Ester Storage Disease and in Wolman's Disease.

6. Study of sphingolipid hydrolase activities in human platelets.

4 'fOS'



NHL I- 265(c)

Publications:
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PHS-NIH
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July 1, 1971 through June 30, 1972

Project Title: The Biochemistry smd Metabolism of

Plasma Lipoproteins: The Metabolism
and Structure of Plasma Lipoproteins

in the Rat.

Previous Serial Number: NHLI-277(c)

Principal Investigators: Robert I. Levy, M. D.

Peter Herbert, M. D.

Shlomo Eisenberg, M. D.

Other Investigators: Barbara Miller
Marguerite LaPiana

Cooperating Units: Herbert Windmueller, Ph.D., Section

on Nutritional Biochemistry, NIAMD

Project Description:

Objectives: The rat is widely employed for studying lipoprotein

physiology. Interpretation of resxilts has been limited because characteri-

zation of rat apolipoproteins has been incomplete. Studies initiated three

years ago have been continued to improve techniques for apolipoprotein

isolation, fractionation ajid characterization. Metabolic studies have been

extended employing the isolated perfused rat liver and intestine to define

the capacity of these organs to synthesize the various apoproteins of plasma

lipoproteins. In addition the metabolism and catabolic sites of the proteins

moieties of rat and human lipoproteins have been explored.

Methods: Most of the methods employed were outlined in previous

annual reports. In addition, agarose columns were employed to subfraction-

ate the lipoproteins in the density range 1.006-1.063. Complete lipid

axialyses of rat plasma and lymph lipoproteins were performed using ^-c

previously described techniques. The in vivo metabolic behavior of I

HDL, LDL and VLDL of himian and rat origin were explored using

techniques previously described.
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Major Findings:

1. Previous studies had suggested that rat HDL contained only a single

major apoprotein. COOH terminal analysis employing carboxypeptidase and
hydrazinalysis revealed a great deal of unsuspected heterogeneity. Rat HDL
appears to contain at least three and possibly four major peptides with

"apparent" molecular weight of 50, 000 as estimated by elution from Sepha-
dex G150. DEAE cellulose chromatography has not adequately separated
these peptides.

2. The "HDL" fraction in lymph VLDL has been compared with that

in plasma VLDL, As judged by amino acid composition, immunochemistry

,

mobility on polyacrylamide gel electrophoresis and COOH-terminal analyses,
these two fractions appear different. Lymph VLDL contains an "HDL"
fraction virtually identical to plasma HDL, In contrast, plasma VLDL
appears to contain one or two peptides that are not shared by plasma HDL,

14
3. C -lysine has been employed to evaluate the in vivo synthesis of

the apolipoproteins. The isolated perfused liver appeared capable of

synthesizing all apoproteins found in VLDL and HDL, However, it

synthesized much more /3-apoprotein and apoproteins with apparent molec-
ular weights near 50, 000 than it did the low molecular weight peptides
(circ, 10„ 000 mw),

4. The isolated perfused intestine also produced lymph VLDL contain-
ing newly synthesized j3-apoprotein and 30, 000 mw proteins. In contrast
to liver, however, it synthesized little or none of the low molecular weight
peptides.

5. Subfractionation of the low molecular weight peptides from plasma
and lymph HDL and VLDL revealed unexpected heterogeneity. The previ-
ously described fraction (V3-3) thought to represent the peptide activator of

lipoprotein lipase has proved to be a mixture of two peptides. The identi-

fication of the actual activator must await further fractionation,

125
6. The smaller molecular weight apolipoproteins of I HDL were

found to redistribute to VLDL immediately after injection. The fate of

I human and rat VLDL and LDL were similar to that previously des-
cribed in the human. The small molecular weight peptides of VLDL trans-
ferred rapidly to HDL and decayed thereafter from the circulation from
both VLDL and HDL. The apoLDL-moiety of human VLDL moved meta-
bolically to the LDL density range (1,019-1,063) through a lipoprotein of

intermediate density (1. 006-1, 019).

7<59



Serial No. NHLI-266(c)

Analysis of tissue radioactivity at time intervals following the in-

jection of labeled lipoproteins suggests that the liver plays a major role

in the clearance of lipoproteins from the plasma.

Significance to Biomedical Research and the Program of the Institute:

The studies described above confirm the usefulness of the preparations

employed for gaining information about lipoprotein physiology inaccessible

through human experimentation. The experiments in the rat corroborate

directly interrelationships among lipoproteins suggested by lipoprotein

turnover experiments in humans. The model systems employed offer

great promise for unraveling the metabolic roles of the apolipoproteins.

Proposed Course of Project :

1. Employing improved fractionation techniques, efforts to further

characterize the rat lymph and plasma lipoproteins will be continued.

2. Isolation and characterization of the rat activator of lipoprotein

lipase will be continued and compared to its counterpart among the human
apolipoprote ins

,

3. The carbohydrate content of the rat apolipoproteins will be evaluated,

4. Pending characterization and isolation in quantity, the role of the

individual rat apolipoproteins in lipoprotein synthesis and release will be

studied.

Publications: None,
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Project Title:

Previous Serial Number:

Principal Investigators:

Other Investigators:

Co-operating Units:

NHLI Type II Coronary Intervention Study

None

Robert I. Levy, M.D.
Stephen E. Epstein, M.D.
JohnF. Brensike, M.D.
Neil J. Stone, M.D.

Barbara J. Flynn
Patricia A. Scafone
David Switzer

Cardiology Branch, NHLI
Data Management Branch - Division of

Computer, NIH
Research and Technology, NIH
Biometrics Research Branch, NIH
Clinical Center Administration, NIH

Project Description:

Objectives: The primary aim of this study is to determine whether
lowering the LDL cholesterol in patients with premature coronary artery

disease and type II will slow, stop or reverse the progression of coronary
artery disease, (i.e. to test the lipid hypothesis in a specific group of

high risk patients. )

Methods: Two hundred fifty patients with coronary artery disease
demonstrated by coronary angiography who meet all of the criteria outlined

in the protocol will be randomly split into two equal groups (treatment -24

grams cholestyramine and diet control - control - 24 grams placebo and

diet control). They will be followed in a double blind fashion monthly for

2-5 years. Repeat coronary angiography will be performed at 2 years and

at 5 years (if the study goes that long).
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The end point will be: 1) a significant difference in the progression
of coronary disease as shown on angiography, or 2) a significant difference

in new myocardial infarctions or death, or 3) lack of ajay of the above after

5 years.

Progress to date:

1, 963 referrals have been made to the Study by March 31, 1972,

2, Of these 963 referrals 358 were probable Type II's acceptable

for further evaluation,

3, 58% of the total referrals (563) have occured in the last 2 months
of the program compared to 42% (400) the previous 4 months,

4, Over the last 2 months the % of acceptable candidates for the

program per referral has tripled due to higher quality referrals.

5, Our preliminary results indicate that only about 1 out of every
30 persons referred will meet all of our criteria and become study

candidates,

6, Early results based on our first 16 patients indicate that approxi-

mately 20-30% of Asymptomatic Type n patients will have evidence of under-

lying heart disease,

7, Currently, patients are enrolled and in all stages of the program,

8, In the next month we estimate that the number of patients in each
phase of the program should approximately double and we should continue to

build frora there.

Proposed Course:

1, Continue enrolling study candidates within the limitations of

available staff and clinic time in which to see these patients,

2, Try to make referrals more selective and include more sympto-
matic patients who are more likely to become study candidates,

3, Carry through the protocol as outlined.

Significance to Biomedical Research and the Program of the Institute:

The answer to the question posed by this study is one of the most important
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in the field of heart research. It has implications not 'only for those patients
who are Type II with coronary disease, but also for Type II' s without disease,
and for the general population. Also, the knowledge gained about the natural
history of coronary artery disease and the factors affecting it will signifi-

cantly advance our current knowledge and have implications for the treat-
ment of the major cause of U, S, mortality in adults.

Publications : None
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Shlomo Eisenberg, M.D.

Other Investigators: Sheila Spivey, B.A.
Elanne Smootz, B.A.
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Project Description:

Objectives: Very low density lipoprotein (VLDL) serves primarily
to transport triglyceride from the liver and gastrointestinal tract to site of

utilization and storage in other tissues. Low density lipoprotein (LDL)
transports the bulk of plasma cholesterol but its origin and degradation are
not well understood. High density lipoprotein (HDL) is poorly understood
with regard to metabolism and physiologic importance though its nearly
complete absence in Tangier Disease is associated with storage of cholest-

eryl esters in many body tissues. This study is part of a long term project

designed to investigate the following: (1) the metabolism of VLDL with

emphasis on its relationship to other lipoproteins, (2) factors affecting LDL
metabolism including various diets and the effects of altering bile salt metab-
olism, and (3) the metabolism of HDL and its relationship to other
lipoproteins.

125

Present objectives are: (1) to define the metabolic behavior of I-

VLDL in normal control subjects and in patients with type I through V hyper-
lipoproteinemia utilizing a computerized kinetic program to facilitate data
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analysis, (2) to investigate the composition of VLDL subfractions, (3) to

study VLDL catabolism using intravenous heparin to accelerate lipolysis,

(4) to investigate the effect of pharmacologic doses of chenodeoxycholic

acid on LDL metabolism and (5) to determine the metabolic characteristics

of HDL and its major peptide units.

Methods: The isolation, purification and iodination of VLDL and LDL
have been previously described. HDL has been handled in a similar fashion.

lodinated lipoproteins for in vitro study by gel filtration and /or poly-

acrylamide gel electrophoresis was handled as previously described.

Major Findings:

1. VLDL: (a) Very low density lipoprotein subfractions (Sf 20-60,

60-100, 100-400) were found to be heterogeneous in protein content. The
larger Sf material contained greater amounts of the small apoproteins

(apoLp-Ser, apoLp-Glu, apoLp-Ala 1 + 2) relative to apoLDL than did the

smaller Sf material.

(b) Intravenous heparin was ackainistered to two type V and one type

IV subject to accelerate lipolysis. I-VLDL was administered prior to

heparin injection. The I25i was then measured in each lipoprotein and its

corresponding apoproteins with time. Heparin induced prompt lipolysis in

each case which was associated with a marked increase in HDL radioactivity.

The HDL activity derived from the small VLDL apoproteins that were
generated in large amount when VLDL was rapidly metabolized. Six hours
after injection many of these small peptides had returned to the VLDL density
range to associate with newly synthesized VLDL of larger Sf Numbers
(ranges).

The apoLDL portion of VLDL moved from Sf 100-400 + Sf 60-100
to the Sf 20-60 region shortly after heparin injection. Six hours later very
little of the •^''^^I -apoLDL remained in any of the VLDL subfractions.

These results suggested that during lipolysis, triglyceride removal
from VLDL is associated with removal of small apoproteins while apoLDL
serves as the "core protein" of the macromolecule. Many of the small
apoproteins may transfer to plasma HDL and later return to newly secreted
VLDL. This VLDL -HDL circuit may serve to preserve the small peptides in

plasma for a longer period. The apoLDL portion evidently is transferred
unidirectionally from VLDL to LDL during VLDL catabolism.

125

(c) Human Studies: I-VLDL metabolism has been studied in a

total of 18 subjects including 3 normal volunteers, 3 patients with type I
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one with type II, 5 with type III, 3 with type IV and 3 with type V hyperlipo-

proteinemia. Several of these studies were reported previously. In the

normal subjects and in those patients with types II, IV and V hyperlipoprotein-

emia, ^^^I-VLDL rapidly declined. Radioactivity sequentially appeared in

the intermediate lipoprotein fraction (density 1.006-1.019) (peak at 6-12 hrs.

with rapid decline) and in LDL (D 1.019-1.063) (peaks at 24 hrs. with slow
decline). Intravenous heparin administration accelerated these changes in

several patients with types IV and V hyperlipoproteinemia. The patients

with type I exhibited a pronounced delay in conversion of VLDL and LDL.
The patients with type III demonstrated accumulation of radioactivity in the

intermediate lipoprotein fraction in association with a failure to convert the

intermediate to LDL at normal rates and in normal amounts. This defect

was unaltered by nicotinic acid or clofibrate therapy.

(d) Decay rates of the different VLDL apoproteins are heterogeneous
with the apoLDL portion decaying with a T 1/2 of approximately 4-6 hours
while the small apoproteins decay collectively with a T 1/2 of about 24 hours.

125
2. LDL: Two normal subjects participated in I-LDL turnover

studies designed to study effects of pharmacologic doses of chenodeoxycholic
acid on LDL clearance rates. Each patient was studied twice, once while

taking placebo and once while receiving the bile acid. The turnover constants

including T 1/2, fractional catabolic rates and synthesis rates, were essenti-

ally identical in the paired studies indicating that intake of large quantities

of this bile acid will not inhibit the clearance of cholesterol from plasma or
enhance its synthesis.

125
3. HDL: Human studies : I-HDL metabolism has been studied

in two normal volunteer subjects. The T 1/2 of ^^I-HDL is 5.3 days.

The FCR is 0. 219 and about 67% of the HDL is intravascular. Preliminary
data indicate that the two major HDL apoproteins (apoLp-gln 1 + apoLp-Gln 2)

are metabolized at the same rate suggesting that the HDL macromolecule is

removed from plasma as a unit rather than in portions as VLDL appears to be.

Significance to Biomedical Research and the Program of the Institute:

Knowledge of the dynamics of VLDL metabolism is fundamental to under-
standing of certain types of hyperlipoproteinemia which are associated with
atherosclerosis.

The relationship of bile salt and LDL metabolism is fundamental to

understanding the mechanisms governing cholesterol levels in plasma.
Since elevated plasma cholesterol levels are associated with atherosclerosis,

understanding the determinants that establish plasma cholesterol levels

(and LDL levels) is of utmost importance.
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The metabolism of HDL is poorly understood. It is postulated that

HDL m.ay serve to transport cholesterol in the form of cholesteryl ester

from other body tissues to the liver where it can be secreted and excreted

by several mechanisms. Its role in the metabolism of the other plasma
lipoproteins is also not known. Elucidation of its metabolism in plasma
is fundamental to understanding lipid transport.

Proposed Course:

1. Studies in the turnover and interconversion of VLDL will continue.

Efforts will be made to further define the determinants of VLDL synthesis

and catabolism.

2. Studies of VLDL metabolism in the various types of hyperlipo-

proteinemia will continue with special emphasis on understanding the

metabolic defects in these disorders. Understanding these defects will

help place therapy on a logical foundation and assist in defining normal
VLDL metabolism.

3. Computerized models of VLDL metabolism, LDL metabolism and
HDL metabolism are simultaneously being developed to assist in conceptual-
izing and defining processes involved in synthesis, clearance, and metabolic
relationships between these plasma lipoprotein families.

4. HDL studies will be expanded to help understand factors governing
its synthesis and catabolism.

5. Animal studies will be designed to investigate more closely the
organ systems involved in synthesis and catabolism of plasma lipoproteins.

Publications:

1. Bilheimer, D. , Eisenberg, S. and Levy, R.I.: The metabolism of very
low density lipoprotein proteins. I. Preliminary in vitro and in vivo
observations. Biochem. Biophys. Acta. 260:212-221, 1972.

2. Eisenberg, S., Bilheimer, D., Lindgren, F. and Levy, R.I.: On the
apoprotein composition of human plasma very low density lipoprotein
subfractions. Biochem. Biophys. Acta. 260:329-333, 1972.

3. Levy, R.I., Bilheimer, D. and Eisenberg, S. : The structure and metabo-
lism of chylomicrons and very low density lipoprotein (VLDL) in plasma
lipoproteins - Biochemical Society Symposia No. 33 (1971) ed. by R. M. S.

Smellie. Academic Press. London and New York, 1971.
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4. Langer, T., and Levy, R.I.: The Effect of Nicotinic Acid on the

Turnover of Low Density Lipoproteins in Type II Hyperlipoproteinemia.
In Proceedings of the Workshop on Metabolic Effects of Nicotinic

Acid, Basle, Switzerland, March 23-25, 1970.

5. Levy, R. I. : Beta Lipoprotein Turnover: An approach to the under-
standing of drug and disease mechanisms. In Proceedings of the

European Atherosclerosis Group Meeting, Paris, France. Pages
91-96, 1972.
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Serial No. NHLI-269(c)
1. Molecular Disease Branch
2. Section on Lipoproteins
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title:

Previous Serial Number:

The Amino Acid Sequence of ApoLP-Ser
(an Apolipoprotein Contained in the Very
Low Density Lipoproteins).

None

Principal Investigators:

Other Investigators:

Cooperating Units:

Richards. Shulman, M, D.

Peter Herbert, M. D,

Kathryn Wehrly
Robert I. Levy, M, D.

Donalds. Fredrickson, M.D.

Silja Me ret

J. Roger Lee
Margo LaPiana

Bruce W. Chesebro, M.D.
National Institute of Arthritis and

Metabolic Diseases

Project Description:

Objectives:

The sequencing of the apolipoproteins is part of a long term project

investigating basic structure -function relationships in these proteins. Ulti-

mately, it is hoped this information will shed light on the physiology of the

plasma lipoproteins.

Methods: ApoLP-Ser was isolated in pure form from the VLDL of

patients with familial type V hyperlipoproteinemia by the methodology
developed in the Molecular Disease Branch/NHLI.

The protein was digested in several different ways: (1) enzymatically
with trypsin, chymotrypsin, subtilisin and thermolysin; (2) enzymatically,
after succinylation, with trypsin; and (3) chemically at the single methionine
residue with CNBr. The peptides were separated either by peptide mapping
on Whatman 3MM paper or by ion exchange chromatography. The larger

1
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peptides allowed complete overlapping of the tryptic peptides.

The primary sequence of 57 amino acids has been established by the

manual Edman procedure as follows: H N-Thr-Pro-Asp-Val-Ser-Ser-
Ala-Leu-Asp-Lys-Leu-Lys-Glu-Phe-Gly-Asn-Thr-Leu-Glu-Asp-Lys-
Ala-Arg-Glu-Leu-Ileu-Ser-Arg-Ileu-Lys-Gln-Ser-Glu-Leu-Ser-Ala-Lys-
Met-Arg-Glu-Trp-Phe-Ser-Glu-Thr-Phe-Gln-Lys-Val-Lys-Glu-Lys-Leu-
Lys-Ileu-Asp-Ser-COOH.

Proposed Course;

After final confirmation of the primary sequence, we shall begin

secondary and tertiary structure studies and lipid binding studies.

Publications : None
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1. Molecular Disease Branch
2. Section on Lipoproteins

3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

Jvdy 1, 1971 through June 30, 1972.

Project Title: The Study of the Lipid Storage Disease -

Metachromatic Leukodystrophy

Previous Serial Number: None

Principle Investigators: Jan L, Breslow, M.D.
Howard R. Sloan, M. D.

Robert Heinen

Project Description:

Objectives:

lo To purify arylsulfatase A from normal hunaan urine,

2. To identify in the urine of patients with arylsulfatase A deficiency

a cross reacting material with the enzymatically normal arylsulfatase A,

3. To purify this cross reacting material.

4. To study the physical properties of the normal arylsulfatase A and
the defective arylsulfatase A.

Methods:

1. The purification of arylsulfatase A from normal human urine has
been accomplished. The method involved ammonium sulfate precipitation,

acetone precipitation, affinity chromatography, Sephadex G-200 chroma-
tography and preparative polyacrylamide gel electrophoresis.

2. An antibody to normal arylsulfatase A was produced in rabbits.

3. The urine from a patient with infantile metachromatic leukodys-
trophy was collected and preliminary purification begun.

Findings :

1. Arylsulfatase A purification has been described.
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2, The molecvilar weight, amino acid composition and pH optimum has

been reported,

3, A precipitating antibody to normal arylsulfatase A was made which
cross reacts with material in the virine of a patient with metachromatic
leukodystrophy.

Proposed Course;

1. The preparation of arylsulfatase A is now being scaled up.

2. The purification of the mutant material will hopefiilly be completed.

3. Physical studies of both the normal and the mutant enzyme wHl be

continued.

Publications:

1, Breslow, J, L, and Sloan, H.R.: Purification of arylsulfatase A
from human urine. Biochem. Biophys. Res, Com, 46:919-925, 1972,
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Serial No. NHLI-271
1. Molecular Disease Branch
2. Section on Lipoproteins

3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Biochemistry and Metabolism of Plasma
Lipoproteins: A study of a Differentiated

Mouse Liver Cell Line,

Previous Serial Number: None

Principal Investigators: Jan L. Breslow, M.D,
Howard R, Sloan, M.D.
Victor Ferrans, M.D.
Jeffrey Anderson
Robert I. Levy, M. D.

Project Description:

Objectives: To study the metabolism of lipids and lipoproteins in

a cell culture system.

Methods: A cell line derived from normal fetal mouse liver FL83B
was obtained. The light microscopic and electron microscopic appearance
of the cells was studied. The chromosomal constitution was studied. The
synthesis of lipids from labeled acetate was studied as was the degradation
of iodinated serum proteins.

Findings:

1. The cells were remarkably similar in appearance to parenchymal
liver cells.

2. The cells were transformed.

3. They secreted at least 12 serum proteins including albumin and
high density lipoprotein.

4. The cells lacked the feedback inhibition on their cholesterol bio-

synthetic pathways.

125 125
5. There was more degradation of I LDL then I albumin,
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Proposed Course; An effort will be made to find a liver cell culture

system which is not transformed, which possesses the cholesterol feedback
mechanism, and can also secrete albumin as well as beta lipoprotein. The
methods developed to study the FL83B mouse liver cells will be applied to

the study of this more suitable cell line. It is hoped that such a system will

enable us to understand lipid and lipoprotein metabolism better.

Publications:

Breslow, J.L., Sloan, H. R., Ferrans, V., Anderson, J, and Levy,
R. I. : Characterization of the mouse liver cell line FL83B. Exper.
Cell Res. (submitted).
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Serial No. NHLI-272(c)
1. Molecular Disease Branch
2. Section on Lipoproteins
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title:

Previous Serial Number:

The Biochemistry and Metabolism of Plasma
Lipoproteins: Post-heparin lipolytic enzymes
and their role in normal and abnormal lipid

transport and clearance.

NHLI-279(c)

Principal Investigators:

Other Investigators:

Cooperating Units:

Ronald Krauss, M.D.
Robert I. Levy, M.D.
Donalds. Fredrickson, M.D.
Peter N. Herbert, M.D.
Gerd Assmann, M.D.

Laura Miller, B.A.

Herbert Windmu ell er, Ph.D. Laboratory
of Nutrition & Endocrinology, NIAMD
John K. Inman, Ph.D. Laboratory of

Immunology, NIAID
Michael Beavin, Ph.D. Experimental
Therapeutics Branch, NHLI

Project Description:

Objectives: The mstabolic breakdown and interconversion of plasma
lipoprotein is as yet incompletely understood. It has been postulated that in

the process of transferring circulating triglyceride from plasma to tissues,

the lower density lipoproteins (chylomicrons and VLDL) are converted to

progressively higher density lipoproteins by a series of lipolytic reactions.
Heparin injection is known to release into plasma a number of lipolytic

enzymes (collectively referred to as post-heparin lipolytic activity or
(PHLA) which are thought to play a major role in this process. In man, a

deficiency state of one or more of these enzymes is characteristic of at

least one of the genetically determined hyperlipidemic states (Type I

hjrperlipoproteinemia).

The aim of this project is three-fold:
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1. To characterize further the heparin released triglyceride lipase

activity (TGL) in animal tissues and in human post-heparin plasma.

2. To determine the nature of possible enzymatic abnormalities in

various disorders of lipoprotein mat abolism.

3. To purify the triglyceride lipase or lipases from post-heparin

plasma.

Methods: Pre- and post-heparin plasma obtained from normal subjects

and from patients with familial hyperlipoproteinemia on a variety of diets.

Samples were obtained 10 minutes after standard doses on intravenously

administered heparin (10 ju/kg or 75 ju/kg). Other enzyme sources included

post-heparin plasma from rats with varying degrees of hepatectomy, post-

heparin perfusate from isolated livers and acetone-ether powders of liver

and adipose tissue.

14

TGL activity was assayed using pure C -glyceryl triolein as substrate,

sonified in tris buffer at pH 8. 6 containing albumin, Triton detergent, and

sodium chloride. Fatty acid released during lipolysis was isolated from
glyceride by extraction into hexane and then into 0. 1 M potassium hydroxide.

Labeled fatty acid was then measured by counting in a liquid scintillation

spectrometer.

Purification of TGL was achieved by affinity chromatography on Biogel

P-300 containing covalently linked heparin.

Major Findings:

1. The triglyceride lipase activity (TGL) in post-heparin plasma was
initially identified with lipoprotein lipase, an enzyme that has been impli-

cated in the clearance of triglyceride-rich lipoproteins from the plasma.

Recent results from this laboratory have shown that in fact, post-heparin

plasma contains a second TGL of hepatic origin, that differs in several

important respects from the LPL derived from extra-hepatic tissues .

Hepatic TGL was obtained from isolated rat livers perfused with heparin and

from acetone ether powders of rat liver. An interesting property of this

enzyme was its resistance to LPL inhibitors. This characteristic was
utilized to devise an assay that allowed the measurement of LPL in post-

heparin plasma by selective inhibition of this enzyme with protamine sulfate.

When this assay was applied to the measurement of TGL in post-heparin

plasma from rats with and without hepatectomy, it was shown that protamine

sulfate inhibitable activity represented LPL, and that the residual activity

was a measure of hepatic TGL.
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2. This assay was also shown to be applicable to the measurement of

LPL and hepatic TGL in human post-heparin plasma. In normals, hepatic

TGL was found to be the predominant activity. With diets low in fat or total

calories LPL in normals was found to decrease by greater than 50% within

the first week, while hepatic TGL activity either increased or remained the

same. In Type I hyperlipoproteinemia, LPL activity was shown to be
negligible, while in most patients, hepatic TGL was normal. In contrast,

both activities were normal in patients with Types III, IV, and V hyporlipo-
proteinemia. This further corroborates the hypothesis that the defect in

chylomicron clearance in Type I is due to a deficiency of LPL, and also

demonstrates that the normal values for PHLA previously observed in some
patients with Type I were in fact due to the relatively high activity of hepatic

TGL.

3. Studies of the kinetics, cellular localization, and substrate speci-
ficity of hepatic TGL are currently in progress. Preliminary experiments
have indicated that the hepatic enzyme has a relatively low activity when
chylomicrons served as substrate, but is somewhat more active with VLDL
as substrate.

4. Further studies were undertaken of the roles of the apolipoproteins
in modifying the activity of LPL. It was observed that apoproteins other than
apoLP-glu (identified last year as the "activator" of LPL) inhibited the

activity of LPL, but only in an assay system where substrate triglyceride
concentration was rate limiting. When triglyceride concentration was
raised to non-limiting levels, the inhibition was abolished. This was seen
with each of the VLDL and HDL apoproteins currectly characterized, but
not with a variety of non -lipoprotein proteins. Whether the substrate de-
pendent inhibition of LPL activity might have a physiological correlate in the
catabolism of lipoprotein triglyceride is a question deserving of further
attention.

5. Further studies of a heparin-released diamine oxidase known as
histaminase have been carried oil in collaboration with Dr. M. Beavin.
This enzyme was found to be deficient in 11 of 13 patients with Type I, but
in only 2 of 2 5 patients with other types of hyperlipoproteinemia. This , the
assay is not as specific as that for LPL in the diagnosis of Type I hyper-
lipoproteinemia, but it suggests the occurrence of second biochemical defect
in some patients with this disorder.

Significance to Biomedical Research and the Program of the Institute :

The enzymes involved in degradation of very low density lipoproteins and
chylomicrons have great relevance to disorders associated with abnormal
concentrations of the plasma lipids and the increased incidence of athero-

sclerotic vascular disease.
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Proposed Course;

1. Studies of LPL and hepatic TGL in patients with hyperlipoproteinemi

will continue, and possible changes with dietary and drug treatment will be

evaluated. In addition, these enzymes will be measured in other clinical :

states in which abnormalities of total PHLA have been reported previously.

2. The kinetics and intracellular localization of hepatic TGL will be

further studied, and an attempt will be made to define its possible role in

lipoprotein catabolism.

3. Purification of adipose tissue LPL will be carried out with a view

toward characterization of its kinetics and structure, and the possible

development of an immunoassay.

4. The kinetics of the activation process will be studied in greater

detail, and an attempt will be made to chemically define the "active" portion

of the activator protein.

Publications:

1. LaRosa, J.C., Levy, R.I., Windmueller, H.G., and Fredrickson, D.S.

A Comparison of the Triglyceride Lipase of Liver, Adipose Tissue and

Post-heparin Plasma. J. Of Lipid Research. May 1972.
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1. Moleciilar Disease Branch
2. Sections on Lipoproteins and

Molecular Diseases
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title;

Previous Serial Number:

Principal Investigators:

Other Investigators:

Cooperating Units:

The Biochemistry and Metabolism of Plasma
Lipoproteins: Studies of familial hyper-
lipoproteinemia

NHLI-280(c)

Robert I. Levy, M.D.
Donalds. Fredrickson, M.D.
John Brensike, M.D.
Neil J. Stone, M.D.
David W, Bilheimer, M.D.
Jan Bre slow, M.D.
Ronald Krauss, M.D.
Peter N. Herbert, M. D,
Antonio Jover, M. D.
Samuel Lux, M.D.
Richard S. Shulman, M.D,
Howard R. Sloan, M.D., Ph.D.
Nancy D. Ernst, B. S.

Betty Masket, B. S. , M. A.
Anne Florey, B. A.
Marguerite LaPiana, B.A.
Barbara Miller, B.A.
Nancy Priddy
Margaret Hill

Merme Bonnell, B, S, , M.S., Nutrition
Department, Clinical Center
Gary Stoner, Head, Applied Systems
Programming Section; and
Penny Brogan, Computer Systems Analyst,
Division of Computer Research & Technology,
National Institutes of Health
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Project Description:

Objectives; This is the largest single project devoted to clinical in-

vestigation in the Branch, Its aim is to classify, determine the number
of responsible mutations, the nature of underlying mechanisms, better define

the clinical manifestations and prognosis and develop treatment for familial
excesses in blood lipid concentrations. Over seven years ago a system of

methodology and nomenclature for the lipid transport disorders was intro-
duced as a standard technique for phenotyping or differentiating the hyper-
lipoproteinemias. It has had wide practical applicability for both the clinician
and the geneticists. The system has been undergoing intensive testing and
refinement since that time. The objectives sought with the use of this

system have been fully outlined previously. They are in brief: (1) proof
that lipoprotein patterns provide more useful information than determination
of lipid concentrations alone, (2) development of an analytical sequence be-
ginning with a simple technique capable of rapidly and economically separat-
ing "normals" from "abnormals" and capable of further dividing the latter

into "Types" indicating different groups of metabolic abnormalities, (3)

application of the analysis to as large and representative number of patients

and their families as is possible, (4) correlation of these analyses with
other clinical and genetic feaitures to further test the assumption that lipo-

protein patterns are capable of distinguishing different phenotypes, and (5)

expansion of techniques for determining genotypes and the basic metabolic j

abnormalities.

I

The first objective has been reached. The second continues to undergo i

development and simplification. Objectives 3-5 embody our major work
effort at this time, Applica.tion has now proceeded to samples from over

[

twelve thousand patients, !

Methods: With a large staff of physicians and automated methods for

accurately determining plasma triglj^'ceride axxd cholesterol concentrations
coupled with twelve Durrura electrophoretic cells the laboratory has the

capacity for screening and e;valuating well over 1, 000 samples per month.

Samples are accepted from donors referred locally and throughout the

nation. Patients are seen in a weekly clinic that averages some 20 to 30

individual patient visits weekly. Certain selected patients with familial

hyperlipoproteinemia are eiccepted for inpatient or outpatient metabolic
studies predominately drug or dietary, trom one to 200 weeks duration.

All samples are sent through cholesterol and triglyceride determinations
and all are examined after standing in the cold for 24 hours for the presence

|

or absence of turbidity and /or a discrete cream layer. This permits pre-
lim.inary segregation oif normal and abnormal patterns identified as Types I

i
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through v. The basic technique also includes the paper electrophoretogram,
employing albuminated buffer. Selected samples are put through quanti-

tative lipoprotein separation consisting of centrifugation at plasma density,

examination of electrophoretic mobility of lipoproteins in supernatant and
infranatant fractions, precipitation of all lipoproteins but high density lipo-

protein, and separate quantification by cholesterol content of alpha, beta,

and very low density lipoproteins. While patients are on diets high in

carbohydrate, glucose tolerance tests are done. Post-heparin lipolytic

activity (PHLA) is measured on selected samples as is the activity of

post-heparin plasma monoglyceride hydrolase and the hepatic and adipose
tissue triglyceride lipases. Some patients are tested for their responsive-
ness to five basic isocaloric diets: ad libitum, a "balanced" 40-40-20
diet (percent of calories from fat, carbohydrate, and protein) containing
either 800 mg of cholesterol with a normal P/S ratio or less than 300 mg of

cholesterol with a P/S ratio of 2, and diets high in fat or carbohydrate each
with a constant low cholesterol content. The effect of varying the P/S ratio

while keeping the cholesterol content consistent has been evaluated also.

Often for both diagnosis and management, patients are placed on hypocaloric
diet regimens.

Every effort is made to sample all the possible blood relatives of a
patient and to classify them also into one or more types. Often these
samples are obtained from physicians or require field collections.

With the collaboration of the DCRT, National Institutes of Health, all

of the information obtained by history, physical examination and laboratory
evaluation of inpatients and outpatients has been successfully transposed
onto punch cards. This process has now allowed us to put all our patient

data in card and tape form with ready availability for computer analysis.

Cholestyramine (Questran , 16 to 32 grams per day) continues to be
evaluated in patients with Type II hyperlipoproteinemia. In selected patients
responsiveness to cholestyramine and clofibrate have been compared. An
increasing number of patients with Type II have been placed on long-term
cholestyramine

,

Nicotinic Acid as well as the progestational compound norethindrone
acetate has been evaluated in selected patients with different types of

hyperlipoproteinemia. When possible, the efficacy of these different agents
have been compared. Evaluation of combination therapy, cholestyramine
and nicotinic acid or cholestyramine and clofibrate has been evaluated.
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Major Findings;

1. Family studies have now been extended to more than 4, 000 patients

in approximately 530 different kindreds with familial hyperlipoproteinemia.
These include: 21 patients from 15 kindred with Type I, 780 patients from
260 kindred with Type 11, 97 patients from 77 kindred with Type m, 218
patients from 98 kindred with Type IV, and 91 patients from 44 kindred with

Type V. The data collected over the past year has continued to support our
previous concepts regarding the mode of transmission, expression and
vascular associations in these disorders.

Over 30 cord blood samples have now been obtained on the offspring

of Type n matings, A total cord blood cholesterol of over 90 mg%
associated with a LDL cholesterol of over 50 mg% appears to be predictive

of familial Type 11 hyperlipoproteinemia. FoUowup at year 1 revealed no
false positives and only one questionable false negative. Further evaluation
of cord blood lipids is obviously in order.

For therapeutic, diagnostic and perhaps for genetic reasons as well.

Type n has now been formally broken down into: Type Ila ^LDL with
normal triglyceride and Type lib , "f LDL with elevated triglyceride. Many
of our Type Ub's appear in Type Ila families but evidence is accumulating
that these may be a form of Type lib different from Type Ha, associated
with a dominant inheritance but with a delayed expression, predilection to

coronary artery disease and environmental stresses,

2. With assistance and guidance from DCRT the NHLI hyperlipoproteinemi;
registry has been completely redone. The methods for data transcription,
storage and retrieval have been simplified. New data reporting forms have
been designed and made operational. It is planned that by July 1, complete
computer records will be available and updated on each clinic patient as he
or she is seen.

3. Development and Evaluation of New Diagnostic Techniques: The core
lipid laboratory has had to explore new techniques to maintain its accuracy
and precision in cholesterol and triglyceride determinations in the face of a
rising load of test samples. Over 2, 000 individual cholesterol and over
1, 000 triglyceride determinations are now performed each month taxing
both available laboratory manpower and equipment capabilities. Over the
past year in collaboration with the parent company (Technicon) a second
generation autoanalyzer system for lipid analysis has been modified and
verified. It appears now to be accurate and precise and offers enormous
savings in time and manpower by, (1) allowing the simultaneous determina-
tion of cholesterol and triglyceride from the same plasma extract, (2)
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Utilizing much less reagent, (3) requiring shorter running times (4) pro-

ducing an integrated digital printout while (5) operating over a wider scale

of accuracy.

The use of an accurate total cholesterol and triglyceride as an external

marker for standardizing agarose gel lipoprotein scans after electrophoresis

has been evaluated with the Donner laboratory in Berkeley, California. By
applying to a simple quadratic equation the known cholesterol and triglyceride

composition of the different lipoproteins,the total plasma cholesterol and

triglyceride and the densitometry units under each lipoprotein, lipoprotein

concentrations appear to be calculable with a higher degree of precision and

accuracy than would have seemed possible from simple lipoprotein electro-

phoresis. This system is now being compared with our older "beta quanti-

fication" procedure.

The simple "strip test" for lipase activity in patients suspected of having

Type I hyperlipoproteinemia has been validated over the past year. Ten
minutes after the injection of heparin, 1 mg/10 kgs intravenously, the lipo-

protein bands are drastically altered if the triglyceride was initially elevated

and lipoprotein lipase has been released. No obvious false negative or

positives have been encountered with this simple test.

4^ Lipid Research Clinics; The Molecular Disease Branch continues

to collaborate with the Lipid Metabolism Branch of the Collaborative Studies

Program NHLI to help develop and establish a network cf Lipid Research

Clinics. Two training sessions for the technical laboratory staff of the 6

initial clinics have been held here at the N,I. H, The technical staff of the

Molecxilar Disease Branch have also travelled to the clinics to teach and

demonstrate. They have also participated in the development of a manual

of lab methods for the clinics program. Known and unknown plasma samples

from the different lipoprotein types have been distributed by the Branch to

the Clinics to help evaluate diagnostic techniques,

5, A double blind trial evaluating the efficacy of cholestyramine (16

grams /day) in Type II has now been completed. The study group comprised
29 females and 18 males (47 patients) with a mean age of 39 years (range

19-57 years). The study design consisted of period I which ran for a minimum
of three weeks or until plasma lipid determinations were stable. Periods
two and three ran for four weeks with the patient on either placebo or choles-

tyramine. It was randomly determined prior to the trial that some would

receive the drug then placebo while others would receive placebo followed

by drug. The double blind was strictly adhered to and the code was broken
only after the completion of the study. The results showed a 20. 6% lowering

of cholesterol and 27, 2% lowering of LDL cholesterol when the last week of
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cholestyramine was compared with placebo. The values obtained on placebo
did not differ significantly from the control values, HDL cholesterol did

not change. The plasma triglycerides were not significantly higher at the

end of the fourth week on cholestyramine as compared to the placebo or
control values. Analysis of aU weekly samples in the study revealed that

the response to cholestyramine was abrupt with most of the decrease in

plasma and LDL cholesterol at week one. The plasma triglyceride con-

centration increased during week one of cholestyramine but subsequently re-

turned to baseline over the next three weeks. As a result of these studies

we have concluded that cholestyramine is an extremely effective drug and

that a dosage of 16 grams per day can be expected to lower the plasma
cholesterol by better than 20% in most outpatients.

6. To date over 2 million copies of the booklets on the dietary manage-
ment of hyperlipoproteinemia prepared by the Branch for the Office of Heart
and Lung Information have been distributed. A recent survey of requestors

for the manuals shows the following: physicians; 71%, dieticians, 22%;
clinical laboratories, medical students and nurses, 7%. Plans are now
imderway to revise these diet booklets to (1) include the concept of weight
control and reduction for the Type lib, (2) provide more information regard-
ing eating out (3) simplify the instructions and their explanations, (4) where
possible make the diets more palatable and easier to follow.

7. Type II and Coronary Artery Disease: Using retrospective case

study methods, extensive data has now been accumulated on the first 120

kindred with familial type n hyperlipoproteinemia entered in our registry.

Living family members were sampled and in most cases lipid and lipo-

protein determinations were performed at the NIH. AU patients were
interviewed by one investigator who determined the presence of angina
pectoris, intermittent claudication, smoking and dietary habits. Electro-
cardiograms were obtained on all individuals over age 15, Supportive
physician and hospital data has been compiled to substantiate diagnoses
of coronary insufficiency, myocardial infarction, diabetes and stroke.

Death certificates and autopsy records have been obtained on all deceased
family members. Approximately 1300 family members have now had all

this information entered into the computer bank which is felt to be 85%
complete. Detailed analyses of aU this data is about to begin.

Significance to Biomedical Research and the Program of the Institute:

Successful recording of the concepts and classification of blood lipid ab-
normalities is of considerable and practical importance to physicians. Some
of these disorders play an important role in the determination of the suscept-
ibility to atherosclerosis. Understanding the pathogenesis and mechanisms
of abnormal lipid transport as demonstrated in patients with these disorders
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should hasten the understanding of normal processes and normal suscept-

ibility to vascular disease.

Proposed Course:

1. The objectives outlined in the introduction will continue to be pur-

sued with increased emphasis on determination of abnormal mechanisms.

Continued improvements in typing will be sought; the laboratory will

continue to teach outside laboratories in these techniques,

2o Further objective correlation of hyperlipoproteinemia and coronary

and peripheral artery disease will be pursued and short and long term effects

of drug and diet therapy on the vascular system will be evaluated. Attempts

will continue to be made to establish what proportion of the patients with pre-

mature vascular disease and hyperlipoproteinemia have a familial metabolic

disorder, and to define both retrospectively and prospectively the true

vascular risk of the different types.

3, Evaluation of the efficacy of nicotinic acid, cholestyramine and

clofibrate will continue. In those types who have already proven to be

nonresponsive to clofibrate or cholestyramine, other lipid lowering agents

will be evaluated. Further evaluation of the effects of variation in dietary-

constituents on the types of hyperlipoproteinemia will continue.

4. We will attempt to more completely evaluate the type m and V
families in the NHLI registry to both better define the genetics of these

disorders and their clinical correlates.

Publications:

1. Levy, R. I., and Langer, T. : Hypolipidemic drugs and hyperlipoprotein-

emia. Ann. N.Y. Academy Science. 179:475-486, 1971.

2. Gotto, A.M., Levy, R.I. , John, K,, and Fredrickson, D, S, : On the

protein defect in abetalipoproteinemia. New Eng. J. Med, 284:813-

818, 1971.

3. LaRosa, J.D., Levy, R.I., Brown, W.V., and Fredrickson, D. S.

:

Changes in high-density lipoprotein protein composition after heparin

induced lipolysis. American J. of Physiology. 220:785-791, 1971.

4. Glueck, C. J., Levy, R.I. , and Fredrickson, D. S. : Norethindrone

Acetate, Post-heparin Lipolytic Activity and Plasma Triglycerides in

Familial Type I, HE, IV and V Hyperlipoproteinemia, Studies in 26

patients and 5 normal subjects. Annals of Int. Med. 75:345-352, 1971.
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5. Kyner, J.L., Levy, R.I,, Soeldner, J.S., Gleason, R.E,, and
Fredrickson, D. S. : The Short-term Effect of Cortisone Acetate upon
Fasting Triglyceride and Cholesterol in Normal Subjects and Offspring

of Diabetic Couples. Metabolism. 21:329-336, 1972.

6. Fredrickson, D. S. and Levy, R.I. : Faimilial Hyperlipoproteinemia.

Chapter 28, _In The Metabolic Basis of Inherited Disease. J, B.

Stanbury, J. B. Wyngaarden, and D. S. Fredrickson (eds). Third
Ed. McGraw-HHl, New York. 1972.

7. Stone, N.J., and Levy, R.I. : Hyperlipoproteinemia and coronary
heart disease. Progress in Cardiovascular Diseases. 14:341-359,

1972.

8. Levy, R.I. , and Stone, N. J. : Metabolic basis and management of

inherited premature ischemic heart disease. Chapter 3, In_ Changing
Concepts in Cardiovascular Disease, Henry I. Russek and Burton
L. Zohman (eds), Baltimore, Wilkins & Wilkins Company, 1972,

pages 32-39.

9. Fredrickson, D, S. : Hyperlipoproteinemia with carbohydrate intolerance.

In Diabetes MeUitus: Diagnosis and Treatment (Vol. EI). American
Diabetes Association, New York, 1971. Pages 377-381.

10. Fredrickson, D, S,, Gotto, A,M., and Levy, R.I. : Familial lipoprotein

deficiency (abetalipoproteinemia, hjrpobetalipoproteinemia, and Tangier
disease). Chapter 26, In_ The Metabolic Basis of Inherited Disease,

third edition, J.B. Stanbury, J.B. Wyngaarden, andD. S. Fredrickson
(eds). New York, MaGraw-HiU, 1972.

11. Beaumont, J.L., Carlson, L.A. , Cooper, G.R., Fejfar, Z., and
Fredrickson, D. S, : Classification of hyperlipidemias and hyperlipo-

proteinemias. Bull'etin of the World Health Organization 43: No. 6

891-915, 1971.

12. Ferrans, V.J., Buja, L.M., Roberts, W.C., and Fredrickson, D. C.

:

The spleen in type I hyperlipoproteinemia. Histochemical, biochemical
microfluorimetric and electron microscopic observations. Am. J.

Pathology, 64:67-83, 1971.

13. Fredrickson, D. S. : The classification and treatment of hyperlipidemia.
Hyperlipidemia Symposium, Erlangen, March 20-21, 1970. In

Hyperlipideamien, G. Berg (Ed. ), Georg Thieme Varlage, Stuttgart,

1971, pp. 1-18.
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Serial No. NHLI-274(c)
1„ Molecular Disease Branch
2. Section on Lipoproteins and

Molecular Diseases
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Biochemistry of Plasma Lipoproteins:

The Structure of Very Low Density
Lipoproteins

Previous Serial Number: NHLI-281(c)

Principal Investigators: Peter Herbert, M,D.
Richard Shiilman, M.D.
Robert I, Levy, M, D,

Donald S. Fredrickson, M. D,

Other Investigators: Marguerite LaPiana
Barbara Miller

Cooperating Units: None

Project Description:

Objectives: The protein constituents of the plasma lipoproteins are the

subject of intense investigation both because of their importance in the body
economy and their unknown role in the pathogenesis of atherosclerosis. The
polypeptide moiety of the very low density lipoproteins have been the more
difficult to study because of their low concentrations in plasma and diffi-

culty in fractionation and characterization. The aim of this project is the

development of large scale preparative techniques and the quantification

and characterization of the VLDL apoproteins.

Methods: Patients with Type V hyperlipoproteinemia have been selected

as plasma donors for VLDL isolation. Preparative techniques have been
developed utilizing rapid-flow gel and ion-exchange chromatography that

yield large quantities of homogeneous apolipoprotein fractions. A chloro-

form-methanol system has been substituted for the traditional ethanol ether

delipidation for more complete removal of polar lipids. Other immuno-
chemical and electrophoretic techniques were identical to those reported

in previous annual reports.

Major Findings: 1. The effect of centrifugation on the protein composi-
tion of VLDL has been investigated. Surprisingly, up to 20% of the total VLDL
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protein may be "washed" off by repetitive centrifugation and large quantities

of neutral and polar lipids may be similarly removed. Characterization of

the protein removed by centrifugation revealed that 67% of it was the

/3-apolipoprotein,

2, The COOH-terminal amino acids of the low molecular weight
peptides of VLDL were reinvestigated. The peptide formally thought to

have C-terminal valine had instead C-terminal serine. In addition,

hydrazinalysis of apo-Lp-Glu yielded glutamic acid and valine in consistent
molar ratios of 3:1, The significance of this finding is unclear and is the

subject of further investigation,

3, The carbohydrate analysis of the VLDL low molecular weight
peptides has been completed, Apo-Lp-Glu and apo-Lp-Ser contained no
carbohydrate. Two forms of apo-Lp-Ala were found containing one and
two moles of sialic acid respectively and a mole of galactose and galacto-

saraine each. The carbohydrate content of two additional forms of apoLp-
Ala are currently under investigation,

4, The established procedure for lipoprotein delipidation were evalu-
ated. All were found inadequate for the delipidation of large quantities of

lipoproteins. Up to 10% residual phospholipid (w/w) was fotuid in the

"delipidated" apolipoproteins.

Significance to Biomedical Research and the Program of the Institute :

Developmeit of techniques for large scale preparation of apolipoproteins
have permitted the primary sequence of two of the VLDL apoproteins to be
determined. The structure -function interrelations of these peptides can
now readily be determ.ined.

Proposed Course:

1, Systems will be established for investigating the interaction of

these peptides with various lipid combinations,

2, An attempt will be made to quantitate the various peptides in

VLDL from patients and normal controls,

3, The conditions necessary for com.plete delipidation of lipoproteins
will be defined,

4, The physical and chemical properties of the "lipoproteins" washed
from VLDL during centrifugation will be investigated.
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Publications:

1. Herbert, P., Levy, R.I. and Fredrickson, D.S.: Correction of COOH-
ternainal amino acids of human plasma very low density apolipoprotein.

J. Biol. Chem. 246, 7068, 1971.
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1. Molecular Disease Branch
2. Section on Metabolism
3. Bethesda, Maryland

PHS - NIH
Individual Project Report

July 1, 1971 through June 30, 19T2

Project Title: Adipose Tissue Hormone -Sensitive Lipase:
Mechanisms for Regiilation of Activity.

Previous Serial No. : miLl-29h

Principal Investigators: Su-Chen Tsai, Ph.D.
iyfe,rtha Va-ughan, M.D.

Other Investigators: Ferol Lieberman, M.S.

Project Description:

Objectives

:

(1) To investigate the mechanisms of activation and inactivation of the
hormone -sensitive lipase, with special attention to identifying the chemical
nature of an inactivating factor, and (2) to develop methods for piorification

of the lipolytic enzymes of rat adipose tissue.

Methods :

Fractionation of adipose tissue homogenates by standard methods in an
attempt to separate the honnone -sensitive lipase from other lipases and ester-
ases, and to separate the enzymes that activate and inactivate it. Assay of
lipase activity using -^H-oleic acid labeled triolein as substrate, and assay
of esterase activity using 3H-glycerol labeled monoolein.

]yfe-jor Findings :

(1) Inactivation of lipase: We reported last year that lipase in 100,000
X g supernatant fluid from -water or 0,25 M sucrose homogenates -was inactivated
by incubation with 2-U mM ATP MgCl2. The inactivating factor (a small molecule)
was separated from lipase in this fraction using Sephadex G-25. The inactivat-
ing factor has an apparent molecular weight of TOO to 1000. lit was absorbed to
DEAE Sephadex A-25 but not to carboxymethyl cellulose column at pH 7.5^ i.e.,
it was apparently anionic. It has been extensively purified lising DEAE Sephadex
A-25, Sephadex G-10, and paper chromatography. The active spot on paper showed
positive ninhydrin reaction. The most purified samples of the inactivating
factor consisted of a yellow-brown powder, readily soluble in water but not in
isopropanol or less polar solvents. In aqueous solution the material showed
an absorption peak between 25^ and 26O m|j,. The activity was relatively stable
in acid solution but not above pH 8. Amino acid analyses of three preparations
yielded glutamic acid and glycine in a ratio of 5 or 10 to 1, and insignificant
amounts of other amino acids. On mass spectrometry, a single peak of mass 130
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(p + 1; was observed, corresponding to pyroglutamlc acid. Pyroglutamate

,

glutamate, glutamine, glutatkione and a variety of small peptides containing
glutamate vere not, however, effective substitutes for the factor. Since
lipase inactivation in the presence of the factor plus ATP and excess Mg++ is

completely prevented by small amounts of EHEA, it seems probable that another
cation is required. ¥e are now exploring the possibility that this is the ,.

active component of the G-25 fraction, perhaps present bound to a small organic

|

molecule which we have purified.

Given the characteristics of the small molecular weight inactivating, we
must presume that the inactivating enzyme(s) is present in the ammoniimi sulfate
precipitated lipase. It appears that it is the instability of this portion of
the system that accounts for the progressive loss of lipase inactivating capa-
city during incubation of the whole supernatant and the variable extent to

j

which different preparations of lipase can be inactivated with ATP, Mg"""^ and
I

the inactivating factor.

(2) Isolation of lipolytic lipase: Ammonium sulfate precipitated lipase
was separated into two fractions on Sepharose 2B. Two different molecular
weights of lipase were obtained. One with a molecular weight approximately
2 X 10° emerged in the exclusion volume, the other was retained. Lipase in

both fractions was activated by protein kinase from rabbit skeletal muscle or
adipose tissue, and (with ATP, ]yigCl2 and cyclic AMP) was inactivated by ATP
and MgCl2 in the presence of the inactivating factor. The larger molecular
form was partially converted into the smaller by treatment with 0.03^ Myrj
(polyethylene steamte) and 5^ ethanol.

Significance to Heart and Lung Research ;

Availability of plasma FFA, an important energy substrate for the heart,
is regulated via the hormone -sensitive lipase activity of adipose tissue. Puri-
fication of the enzyme and identifying the chemical nature of the inactivating
factor are essential before the mechanisms through which its activity is regu-
lated can be elucidated.

Proposed Course ;

We plan to complete identification of the inactivating faxjtor and to
establish the molecular basis for inactivation of the hormone -sensitive lipase.
Purification of the lipase itself and further investigation of lipase activatior
with cyclic AMP-dependent protein kinase, all facets of the same problem, will
also be pin-sued.

Publications: None.
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1. Molecular Disease Branch
2. Section on Metabolism
3. Bethesda, lyfeiryland

PHS - NIH
Individijal Project Report

July 1, 1971 through June 30, 1972

Project Title: Metabolism of Lung Tissue and Phagocytic Cells.

Previous Serial No.: NHLI-292 and 293.

Principal Investigators: Thomas P. Stossel, M.D.
Robert J. ]y&.son, M.D.
Lfertha Vaughan, M.D,

Project Description:

Objectives :

{!) To quantify the effects of some factors that may influence the rate

of phagocytosis by alveolar macrophages and polymorphonuclear leukocytes;

(2) To characterize the phospholipids of polymorphonuclear leukocytes,
alveolar macrophages and their phagocytic vesicles, including possible alter-
ations (e.g., peroxidation) associated with phagocytosis;

(3) To elucidate the pathway of synthesis of dipalmitoyl lecithin in lung
and alveolar macrophages and to investigate factors that might modify the rate

of this process.

Methods :

Incubation of leukocytes or alveolar macrophages with emulsified paraffin
oil colored with Oil Red 0, followed by determination of the amoimt of oil in-
gested by the cells (rate of phagocytosis) or isolation of phagocytic vesicles
containing the ingested oil, by procedures we have previously published, for
analysis (enzymatic, chemical or electron microscopic). Incubation of tissue
with radio-labeled potential prec\irsors followed by isolation of dipalmitoyl
lecithin for radioassay by methods we have previously described.

Ife-jor Findings :

Essentially all of the experimental work on this project was completed by
June 1971^ but a considerable portion of the writing has been done since that
time. Only a few potentially important findings were not included in last year's

report. They are listed here:

(1) Last year we reported the development of a simple, sensitive assay for
rate of phagocjrbosis and its use in establishing optimal conditions for studying
this process in guinea pig polymorphonuclear leukocytes. The effects of drugs,
ions and particle surface on the rate of phagocytosis were investigated. We
have now completed similar studies of phagocytosis by alveolar macrophages.
Serum which was without effect on the rate of phagocytosis of the paraffin oil
albumin emulsion by polymorphonuclear leukocytes consistently more than doubled
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the rate of phagocytosis by alveolar macrophages. The effect of serimi vra,s

apparently on the substrate, and its characteristics indicated that components

of the complement system were involved. Initial rates of phagocytosis of

serum-treated albumin-coated particles ly leukocytes and macrophages were equal

when expressed as a function of cell number, but not when cell protein was used

as a reference for comparison.

In earlier studies with polymorphonuclear leukocytes, particles coated

with substances of strong net charge were ingested more rapidly than uncharged

or weakly charged particles. Findings were in general similar with alveolar

macrophages. Because emulsions prepared with native gelatin are ingested very

slowly and modification of the protein can markedly enhance the rate at which

emulsions prepared with it are taken up, this material imy be useful for prob-

ing the determinants of particle recognition by phagocytic cells.

Alveolar macrophages obtained from animals treated with extracts of Myco-

bacteria (stimulated macrophages) have enhanced bactericidal activity relative

to cells from untreated animals. It has been suggested that this may be at

least in part secondary to an increased phagocytic rate. We found that stimu-

lated macrophages did not ingest either opsonized (serum-treated) or unopsonizec

particles more rapidly than did normal cells, from which it may be inferred

that the differences in bactericidal capacity are a reflection of differences

in post -ingestion events.

(2) An unusual lipid which accounted for 15fo or more of the phospholipid

phosphorus of rabbit alveolar macrophages and constituted 25^ of the phospho-

lipid of the phagocytic vesicles was isolated and identified (chromatography,

degradation, mass spectrometry and KMR spectra of derivatives as lyso(bis)-

phosphatidic acid. It was not found in rabbit peritoneal macrophages or in

rat alveolar macrophages.

The phospholipids of the phagocytic vesicle fraction of alveolar macro-
phages contained relatively more sphingomyelin, lyso(bis )phosphatidic acid and

phosphatidyl serine and less lecithin, phosphatidyl inositol and phosphatidyl
ethanolamine than did the whole cells or pellet fractions. The phospholipids
of the phagocytic vesicles from polymorphonuclear letikocytes were enriched in

phosphatidyl inositol but were otherwise similar in composition to those of

the whole cells. In both macrophages and leukocytes, the phospholipids of
the vesicles contained relatively more saturated and less polynmsaturated
fatty acids.

The polyunsaturated fatty acids of leukocyte phospholipids were chiefly
linoleic, whereas in macrophages arachidonic accounted for almost 20^ of the
total fatty acids. The macrophages produced malondialdehyde when ingesting
polystyrene beads or emulsified paraffin oil, from which it was inferred that
peroxidation of endogenous lipid can occur during phagocytosis. Polymorpho-
nuclear leukocytes in which less than 3^ of phospholipid fatty acids were
arachidonic did not produce malondialdehyde during phagocytosis of these inert
particles, but did when ingesting an emulsion containing linolenate, thiiS
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providing evidence for peroxidation of Ingested lipid. Isolated phagocytic
vesicles from alveolar macrophages contained lipid peroxides and generated
malondialdehyde when incubated with ADP, FeClo and NADH.

Significance to Heart and Lung Research ;

Phagocytosis is a fundamental cellular function relevant to host defense
and the pathogenesis of inflammatory and degenerative processes occurring in

all parts of the organism.
DPL is the primary physiologic constituent of pulmonary surfactant, which

is important for maintenance of the ventilatory function of the lung. Studies
of the metabolism of DPL by alveolar macrophages and lung slices may have
direct clinical application.

Since alveolar macrophages are in the first line of defense against in-
haled toxic materials, their phagocytic function is highly important to the lung.

Characterization of their phagocjrtic vesicles may aid in understanding the phago-

cytic process.
Oxidant exposure is a constant factor for alveolar macrophages, and

oxygen is necessary for certain desperate clinical situations, therefore under-
standing and modifying the toxicity of 100^ oxygen may be of immense benefit
in caring for patients.

Proposed Course ;

These projects are not being actively pursued at present. Studies of lung
metabolism are currently focused on the control of cyclic GMP and cyclic AMP
concentrations in this tissue.

Publications ;

]y&,son, R,J., Huber, G. , and Vaughan, M. : Synthesis of dipaLnitoyl lecithin by
alveolar macrophages. J. Clin. Invest. 51: 68-73, 1972.

Stossel, T.P., Root, R.K. , and Vaughan, M. : Phagocytosis in chronic granuloma-
tous disease and the Chediak-Higashi syndrome. New Eng. J.Med. 286: 120-

123, 1972.
Stossel, T.P., Mason, R.J., Pollard, T.D., and Vaughan, M. : Isolation and pro-

perties of phagocjrtic vesicles. II. Alveolar macrophages. J. Clin. Invest .

51: 60h-6lh, 1972.
Stossel, T.P. , yja-son, R.J., Hartwig, J., and Vaughan, M. : Quantitative studies

of phagocytosis by polymorphonuclear leukocytes: Use of emulsions to measure
initial rate of phagocytosis. J. Clin. Invest . 5I: 615-62U, 1972.

]\feson, R.J., Stossel, T.P. , and Vaughan, M. : Lipids of alveolar macrophages,
polymorphonuclear leukocytes and their phagocytic vesicles. J. Clin. Invest ,

(in press) 1972.
Mason, R.J. , mnganiello, V., and Vaughan, M. : Effect of thyroxine on the di-

saturated lecithin content of lung. Amer. Rev. Resp. Pis, (in press) 1972.
Elsbach, P., Patriarca, P., Mason, R.J., Stossel, T.P., and Vaughan, M.

:

The appearance of lecithin-32pj synthesized from lysolecithin-32p^ In

phagosomes of polymorphonuclear leukocjrtes. J. Clin. Invest.

f

in press )1972.
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Serial No. NHLI- 277
1. Molecular Disease Branch
2. Section on Metabolism
3. Bethe sda, Maryland

PE - NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Metabolism of Guanos ine 3 S 5* -Monophosphate in Lung.

Previous Serial No. : None.

Principal Investigator: John Stoner, HI, M.D.
Martha Vai;ighan, M.D.

Other Investigators: Vincent ]yte.nganiello, M.D., Ph.D.

Project Description:

Objectives :

(Ij To improve the assay for guanos ine 3S 5* -monophosphate (cGMP) in

tissue samples; (2) to use this assay to compare cGMP levels in several tissues
of hypophysectomized rats with those in sham operated controls; and (3) to
determine the effects of acetylcholine and other neurotransmitters and hormones
on cGMP concentration in slices of guinea pig lung.

Methods ;

(1) Competitive protein binding assay: The cGMP binding protein was pre-
pared from lobster tail muscle as previously described by this laboratory, but
was further purified by passage over a DEAE-cellulose column and concentrated
5-fold using a collodion bag apparatus. This allowed the use of higher concen-
trations of binding protein in the assay with increased binding of cGMP and
greater sensitivity. The remainder of the assay techniq.ue was essentially
unchanged.

(2) cGMP tissue levels in hypophysectomized rats: Hypophysectomized and
sham operated male Sprague-Dawley rats (25O g) were anesthetized with ether.
Cerebral cortex, cerebellum, lungs, liver, spleen or kidneys were quickly ex-
cised and placed in liquid nitrogen. The organs were pulverized using a mortar
and pestle, then homogenized in cold 5^ trichloracetic acid. After centrifuga-
tion, the supernatants were extracted with water -saturated ether to remove tri-
chloracetic acid. They were passed successively over coliimns of Dowex AG-50
and Dowex Ag-1 to purify cGMP before assay. Tissue residues were dissolved in
1 N NaOH, and the protein content assayed by the method of Lowry et al. cGMP
tissue levels were expressed in pmoles per mg of protein.

(3) cGMP in guinea pig lung slices: Female Hartley guinea pigs (750 g)
were anesthetized with sodium pentobarbital, 1 mg I. P. The lungs were quickly
excised and placed in KJrebs -Ringer bicarbonate medium (pH 7.^) with 2 mg dex-
trose per ml. The lung lobes were dissected free of extrapulmonary bronchi and
blood vessels and sliced to O.5 nim thickness using a Stadie-Riggs tissue slicer.
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UOO to 600 mg portions of the slices were incubated in 3 ml of Krebs -Ringer
"bicarbonate medi-um (pH 7.^) with 2 mg of dextrose per ml, under 95^ O2, 5^ CO2.
Theophylline, physostigmine, acetylcholine, isoproterenol, histamine, serotonin,
prostaglandins E]_, E2, Ap and F2Q; angiotensin and bradykinin were added as
indicated. The incubation was ended with the addition of cold lO/o trichlor-
acetic acid and rapid homogenization. Extracts were then purified using Dowex
AG-1 columns and thin-layer chromatography before assay of cGMP.

]Vfe.jor Findings ;

(1) cGMP levels in hypophysectomized rats: The concentrations of cGMP
in tissues from sham operated control rats corresponded roughly with previous
reports, being highest in the lung (3-5 pmoles/mg protein) and cerebellum (2-3
pmoles/mg protein), and low (less than 1 pmole/mg protein) in all others. How-
ever, no significant difference in cGMP levels was found between hypophysectom-
ized rats and shamcperated controls.

(2) cGMP in guinea pig lung slices: In the presence of 0.1 mM physostig-
mine, 1 mM theophylline produced a small increase in cGMP concentration after
15 minutes of incubation. The amount of cGMP accumulated during 2 minutes of
exposure to acetylcholine was also increased. 0.1 mM physostigmine, in the
presence of 1 mM theophylline, did not itself alter cGMP concentrations, but
markedly increased the increment produced by 2 minutes of exposure to acetyl-
choline. Both 1 mM theophylline and 0.1 mM physostigmine were included in the
medium for other experiments. Under these conditions, acetylcholine produced
a 2-3-fold increase in cGMP levels in guinea pig lung slices. The stimulation
was negligible at an acetylcholine concentration of 0,1 pM but maximal above
1 liM. The increase in cGMP was maximal after 1 minute of incubation with 10 \M
acetylcholine, but began to decline after 6 minutes, and approached control
levels by 12 minutes. The response to 10 [M acetylcholine was completely
blocked by 0.1 mM atropine. Isoproterenol, 1 |j,M, produced a slight but not
statistically significant decrease in basal and acetylcholine stimulated cGMP
levels. Histamine, 0.1 mM, present for 10 minutes, was without effect on cGMP
levels. Prostaglandins E-^, E2, A2 and Fga (2 \M) , serotonin (O.l mM), brady-
kinin (10 ng/ml) and angiotensin II (lO pg/ml) similarly had no effect after
incubation for 2 minutes. Surprisingly, 10 |jM acetylcholine also produced an
increase in cAMP levels in lung slices after incubation for 2 minutes. Whether
this is a direct effect of acetylcholine or secondary to release of another
"messenger" remains to be determined. A rise in cAMP of similar magnitude was
observed after incubation with 2 [M prostaglandin E^ for 2 minutes.

Significance to Heart and Lung Research ; Although information available
is still fragmentary, it appears that cGMP may well play an important role in
regulation of heart and lung metabolism.

Proposed Course; Further study of cGMP metabolism in lung slices and in
cultured cells derived from lung will be carried out.

Publicat ions ; None

.
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1. Molecular Disease Branch
2. Section on Metabolism

3. Bethesda, Iferyland

PHS - NIH
Individual Project Report

July 1, 1971 through June 30, 19T2

Project Title: Characterization of Fat Cell Cyclic AMP
Phosphodiesterase (PDE)

Principal Investigators: L. Gregory Pawlson, M.D.
Martha Vaughan, M.D.

Other Investigators: Vincent Manganiello, M.D., Ph.D.

Project Description:

Objectives :

Elucidation of the properties of fat cell phosphodiesterase and character-

ization of mechanisms for its physiological control, especially of a possible

role of corticosteroids.

Methods :

(Ij Fat cell isolated by the method of Rodbell (j.Biol.Chem. 239:375, 196ij-)

(2) Phosphodiesterase activity measured by o\ir published method which in-

volves (a) conversion of 3h-cAMP to 3h-5'AMP, (b ) use of snake venom nucleotid-

ase to convert 3H-5*AiyiP to Sn-adenosine, (c) separation of adenosine from re-

maining cAMP by QAE-Sephadex chromatography, and (d) counting by scintillation.

(3) Separation of "soluble" and "particulate" diesterase by means of

ultracentrifugation at 100,000 x g x 20 minutes.

Lfejor Findings ;

(1) Previous investigations in this laboratory have revealed that a parti-
culate fraction of fat cells, consisting chiefly of membrane fragments and ves-
icles, appears to have a low Kin phosphodiesterase which, vinlike the diesterase
activity present in the supernatant which has a high Km, is stimulated by
insulin. In order to study this particulate enzyme more thoroughly for other
factors which might modify its activity, it was felt that solubilization fol-
lowed by purification should be undertaken. Attempts to dissociate the parti-
culate PDE from the cell membrane using the non-ionic detergents, lubrol and
triton, EDTA, EGTA., cAMP, sonication, deoxycholate, heparin, and various organic-

solvents have resulted in either inactivation of the enzyme or failure of separ-
ation. A combination of triton or lubrol, sonication and EGTA-MgCl2 resulted
in approximately ^0°lo solubilization as defined by 100,000 g spin for 20 minutes.
However, this fraction had a molecular weight of approximately 2,000,000 as
estimated from agarose A-5 M column chromatography.
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(2) It has been reported by other investigators that incubation of
isolated fat cells with dexamethasone increases the lipolytic response of fat
cells to epinephrine or theophylline. This affect woiild appear to be analogoiis
to the so-called permissive effects of certain steroid hormones on cyclic AMP
mediated cell processes. The mechanism of these effects is unknown but could
be explained by a steroid-induced decrease in the cyclic AMP phosphodiesterase
activity. Preliminary experiments involving the incubation of fat cells for
4-5 hours with dexamethasone have failed to show a significant change in PDE
activity. However, we were also unable to show a definite effect on hormone

-

stimulated lipolysis in this system.

Significance to Heart and Lung Research;
Numerous investigators have implicated changes in the level of cyclic AMP

as a prime factor in the metabolic actions of a wide variety of hormones and
other substances. Adipose tissue is unusual in that it is responsive to a
large number of these substances. Some substances, such as epinephrine, ACTH
and glucagon, would appear to act primarily on the production of cyclic AMP
via adenyl cyclase. A second control point, that of degradation of the cyclic
AMP via PDE, appears to be important in the action of insulin on lipolysis.
Some investigation in other tissues is often hampered by the inability to ob-
tain a reproducible preparation of a single cell type. The observations made
on PDE activity in adipose cells may have unique importance in determining
the mechanism of action of the substances under study.

Proposed Course;

(1) Farther attempts to dissociate the particulate PDE will be made using
delipidation by organic extraction followed^bVpiise of detergents or salts with
investigation of the possibility of reacti-ua/ of the enzyme with phospholipids.

(2) Further investigation of the effects of dexamethasone on lipolysis and
PDE activity will be carried out using longer incubations and different media.

(3) Investigation of the effects of other factors (age, obesity, elevated
cyclic AMP levels) on the level of PDE activity in fat cells.

Publications: None.
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Serial No. iraLI-279
1. Molecular Disease Branch
2. Section on Metabolism
3. Bethesda, Maryland

PHS - NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Role of Cyclic AMP and Cyclic GMP in Modulation
of Growth, Differentiation and Aging of Cells in
Culture.

Previous Serial No.

:

None.

Principal Investigators: Vincent IVfenganiello, M.D, , Ph.D.
Martha Vaughan, M.D.

Other Investigators: Jan Breslow, M.D.
Sally Stanley, B.S.
Betty Ham, B.S.

Project Description:

Objectives ;

To study the role of cyclic AMP and cyclic GMP in the modvilation of growth,
differentiation and aging of cells in culture.

Methods

:

Measurement of cyclic AMP by the method of Gilraan (Proc. Nat. Acad. Sci.

67: 305, 1970); cyclic GMP by our published method (Proc. Nat. Acad. Sci. 68:

736, 1971); phosphodiesterase by our published method (Proc. Nat. Acad. Sci.

69: 269, 1972). Primary and established lines grown and maintained using
standard culture methods.

tfe.jor Findings :

(1) In cultured hepatoma cells, epinephrine and isoproterenol, in the
presence of theophylline, increase the cAMP concentration. In cells incubated
for 72 hours with dexamethasone, the basal cAMP content was increased slightly,
and the increment produced by epinephrine and theophylline was markedly in-
creased. Inciibation with 1-10 \M dexamethasone for 24-36 hours produced a
2^-hO'fo decrease in the cAMP phosphodiesterase activity as assayed in homogenates.
This effect of dexamethasone was specific in that acid phosphatase activity in
the same cells was not decreased. Q;-Methyl testosterone did not mimic the
effect of dexamethasone on diesterase. These and other data are consistent
with the idea that in many cells the so-called permissive effects of steroid
hormones on cAMP-mediated processes may be due to an effect of these hormones
on cAMP phosphodiesterase activity.
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(2) In cultured human fibroblasts, both catecholamines and PGE-, markedly
increase cAMP levels, and their effects are markedly enhanced after incubation
of the cells with 10-1000 nM dexamethasone. The response of these cells to
catecholamines appears to be inversely related to cell density, whereas the
response to PGE2_ is essentially unchanged as cultures grow to confluency.

(3) Incubation of mouse L-cells with PGEj_ produces a prompt, marked
(approximately 10-fold) increase in their cAMP content, and these levels are
still 2 -3 -fold greater than control values after a 24 -hour incubation with
PGE]_. Although levels fall, further addition of PGE-i_ does not induce another
rise in cAMP. At the same time, there is an increase in the activity of a low
Km (about 3 ^M cAMP) phosphodiesterase in homogenates of cells incubated with
PGE2_. These data are consistent with the view that an increase in diesterase
activity may be partially responsible for the observed refractoriness to PGE-]_,

and that in these cells (and others perhaps ) a prolonged increase in cAMP
induces an increase in phosphodiesterase activity. Incubation with dibutyryl
cAMP also induces an increase in that activity.

Significance to Heart and Lung Research ;

Studies on cAMP and cGMP metabolism may elucidate the nature of cellular
regiilatory processes whereby hormones exert their actions on the cardiovascular
system.

Proposed Course ;

We plan to continue the study of metabolism of cAMP and cGMP in several
tissues, also to examine the possible role various hormones might play in the
growth and senescence of cultured human fibroblasts.

Publications

:

Manganiello, V., Evans, ¥.H., Stossel, T.P., Mason, R.J., and Vaughan, M.

:

The effect of polystyrene beads on cyclic AMP concentration in leukocytes.
J. Clin. Invest . 50 : 2T4l-2T4ij-, 19TI.

Manganiello, V., and Vaughan, M. : Effects of prostaglandin E-]_ on adenosine

3S5' -Jnonophosphate concentration and diesterase activity in fibroblasts.
Proc. Mat. Acad. Sci . 69: 269-273, 1972.
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Serial Wo. IffiLI-280

1. Molecular Disease Branch
2. Section on Metabolism
3. Bethesda^ ]yfe,ryland.

PHS - WIH
Individual Project Report

July 1, 1971 through June 30, 19T2

Project Title: Effects of Hormones on Metabolism of Adipose
Tissue Studied in vitro.

Previous Serial No. : MLI-290.

Principal In-vestigators : Vincent ]yfe.nganiello, M.D., Ph.D.

lyfertha Vaughan, M.D.

Other Investigators: Sally Stanley, B.S.
Betty Horn, B.S.

Project Description:

Objectives

:

To study the metabolism of cyclic AMP in fat, particularly as related to

control of cyclic AMP degradation by insulin and dexamethasone.

Methods ;

Lipolysis measured by enzymatic determination of glycerol; cyclic AMP by

the method of Gilman (Proc.Wat.Acad. Sci. 6T: 305, 1970); phosphodiesterase by

our published method (Proc. Nat. Acad. Sci. 69: 269, 1972).

Major Findings :

¥hen fat cells are incubated in the presence of 0.1-1.0 mU/ml insulin,

cAMP phosphodiesterase activity assayed in homogenates is increased. This

increment in diesterase activity is apparently concentrated in a fraction

which sediments between approximately 10,000 and 100,000 x g. This fraction

is composed of membrane fragments and is enriched in phosphodiesterase activity

with a low Km (about 0.2 \M) for cAMP. The 100,000 x g sediment accounts for

approximately 65^ of hydrolysis of cAMP present at a concentration of O.055 |jM,

whereas with 100 [M cAMP the 100,000 x g supernatant accounts for approximately

8lfo of the total fat cell phosphodiesterase activity. Treatment of rats with
dexamethasone for 24 to 36 hours produces a decrease in the phosphodiesterase

activity of fat cell homogenates. This decrement in activity is concentrated

in the same fraction (100,000 x g sediment) that is affected by insulin.

Dexamethasone treatment does not prevent the stimulation of phosphodiesterase

activity by insulin in vitro. Efforts to demonstrate a direct effect of dexa-

methasone on the phosphodiesterase activity of isolated fat cells have not

been successful to date.
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The particulate, low Km, phosphodiesterase is inhibited by theophylline
and cGMP; the activity is stimulated by DTT, serum, albumin, heparin, histone
and EGTA. The 100,000 x g supernatant contains most activity with the higher
Kin for cAMP (about 10 (jM) which is not stimulated by heparin, histone or EGTA.

Significance to Heart and Lung Research :

Studies on the mechanism of hormone action in general may have importance
and relevance to their mechanisms of action on the cardiovascular systems.

Proposed Course ;

The study of control of cAMP levels in fat cells will be continued with -
•

particular emphasis on the action of insulin on the regulation of the phospho-
diesterase and also on the action of other compounds (prostaglandins, perhaps)
that are antilipoljrtic.

Publications

:

lyfe-nganiello, V., and Vaughan, M. : Selective loss of adipose cell responsiveness
to glucagon with growth in the rat. J. Lipid Res, 13: 12-16, 1972.

Vaughan, M. : The role of insulin in regul3,tion of cyclic AMP metabolism.
In: Proceedings of the Symposium on Insulin Action, Toronto, October 1971
(in press ),
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Serial No. MLI- 281
1. Molecular Disease Branch
2. Section on Metabolism
3. Bethesda, dryland

PHS - NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Adipose Tissue Metabolism:
(l^ Adipose tissue protein kinase

(2) Release of lipoprotein lipase from fat cells

Previous Serial Wo,: None.

Principal Investigators: David M. Kornhauser, M.D.
lyfertha Vaughan, M.D.

Project Description:

Objectives ;

(1) To obtain a high activity, purified cyclic AMP-dependent protein
kinase for lose in studying activation of hormone-sensitive lipase.

(2) To elucidate the mechanism of release of lipoprotein lipase and its

regulation.

Methods :

(1) The procedure for purification of adipose tissue protein kinase -was

modified from Walsh et al (j.Biol.Chem. 2ij-3: 3763, I968) preparation of skeletal
muscle protein kinase. Cyclic AMP-dependent kinase activity was assayed by a

modification of the method of Kuo and Greengard (j. Biol. Chem. 2^5: ^067, 1970 ).i

(2) Fat cells were prepared by the method of Rodbell (j. Biol. Chem. 239:

375, 196k). The lipoprotein lipase assay was a modification of the lipase assay
of Belfrage and Va\;ighan (j. Lipid Res. 10: 3ij-l, I969). IVfelic dehydrogenase was

assayed spectrophotometrically by the method of Rodbell (j. Biol. Chem. 24l:

3909, 1966).

Major Findings ;

(1) Purification of a protein kinase was achieved using centrifugation,

pH and ammonium sulfate precipitation, chromatography on DEAE and Sephadex gel,
and adsorption with alumina gel. A 56-fold increase in kinase specific activity
was achieved. The resulting preparation was free of lipase activity. The pro-
tein kinase preparation increased hormone -sensitive lipase activity in the pres-
ence of Mg"*-^-, ATP and cyclic AMP. '

(2) Preliminary experiments indicate that serum-dependent lipase activity
is released from isolated fat cells incubated in Krebs -Ringer phosphate buffer.
This lipase activity is inhibited by 5 M NaCl and is assumed to be lipoprotein
lipase. Both the release and the stability of the lipase activity are temper-
ature -dependent

.
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Significance to Heart and Lung Research ;

(1) Control of llpolysis in adipose tissue is mediated by cyclic AMP.
The events of lipase activation and how the cyclic AMP-dependent protein kinase
activates the lipase are unclear. Ptirification of individual components of the
system and recombination of them may elucidate the events of lipolysis.

(2) The actiT/ation and release of lipoprotein lipase from adipose tissue
in physiologic circumstances is imknown. Study of events affecting release
and the mechanism of secretion in vitro should aid in interpreting the physio-
logic situation.

Proposed Course

;

(1) The Interactions of the cyclic AMP-dependent protein kinase with
lipase preparations and a lipase inhibitory fraction will be studied.

(2) Studies on the mechanism of release of lipoprotein lipase from fat
cells are planned. The effects of lipolytic and antilipolytic agents upon
release will also be investigated.

Publications: None.
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Serial No. NHLI- 282
1. Molecvilar Disease Branch
2. Section on Metabolism
3. Bethesda, Maryland

PHS - WIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title

:

Release of Histamine and Other Vasoactivie Agents
from Mast Cells.

Previous Serial No. : NHLI-289

Principal Investigator: James H. Baxter, M.D.

Other Investigators: Vincent IVfe-nganiello, M.D.
Ronald Adamik, B.S.

Project Description:

Objectives

;

To study the characteristics and mechanism of histamine release from
mast cells.

Methods :

Rat peritoneal cells (which include large numbers of histamine -containing
mast cells) are collected and exposed to dextran in vitro under varied condi-
tions and in the presence of various drugs. The quantity of histamine thereby
released into the medium is measured, Dextran causes a selective release of
histamine from cells of s\isceptible rats, the reaction being species specific
and genetically determined, but not requiring previous exposure to dextran.

tfe.jor Findings :

Histamine release by dextran resembles allergic histamine release: It
does not require complement, is noncytotoxic , requires Ca"*^ (optimimi concentra-
tion 1 mM) but not Mg"*"^, has pH optimum of 6.8-7.2, is enhanced by certain
lipid tissue factors (phosphatidyl serine) and inhibited by high albimiin in
the medium. We find release usually greater at 25° than at 37°, probably in-
dicating that unresponsiveness of the cells develops faster at 37°. Release-
is completely inhibited at 2°, 12° and U5°. Under conditions of our experi-
ments, about 35^ (l5-60fo) of the total cell histamine is released by dextran.
Concentration of released histamine reaches a plateau within about 5 minutes.
The completeness of release is not influenced by the concentiration of released
histamine reached in the medium, nor in turn by the density of the cell sus-
pension (within limits).

Certain drugs inhibited the histamine release; since the results obtained
at 37° (reported last year) were sometimes erratic, the studies have been re-
peated at 25°, with similar and more consistent results. The catecholamines
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(which are counteracted hy a-adrenergic blockers), theophylline, dibutyryl
cyclic AMP and also PGE-|_ (in high concentrations) inhibited release, suggest-
ing that cyclic AMP of the cells might be involved in modulating the release.
Acetyl choline "was without effect.

Continued attempts have been made to correlate the drug effects with
changes in cyclic AMP levels in the mast cells. In order to obtain pure mast
cells, peritoneal cells have been fractionated, using both centrifugal and
unit-gravity methods, and using media of various compositions. Essentially
pure mast cells have been obtained, but they have been invariably unresponsive
to dextran (adding back the other cells did not help), and their cyclic AMP
content has not been increased by exposure to isoproterenol and theophylline.
Thus, this problem remains unsolved.

Studies on desensitization of the cells to dextaran are of interest. Cells
once exposed to dextran release little or no histamine on second exposure.
This is so even if the initial exposure is imder conditions unfavorable for
histamine release (at low temperature, in the presence of inhibitory drug, ex-
posure to very low concentration of dextran). However, after exposure to
dextran in the presence of high (completely inhibitory) concentrations of
glucose, cells released significant (50^ of control) histamine on subsequent
exposure to dextran. It is not clear whether the glucose effect is qualitat-
ively or only quantitatively different from the inhibitory effects. The
glucose results are possibly compatible with the concept that glucose competi-
tively inhibits the binding of dextran to cell receptors.

Cells exposed to dextran in the absence of Ca++ release the full (control)
amount of histamine on later exposure to dextran in the presence of Ca "*". How-
ever, it has not been possible to divide the release reaction into an activa-
tion phase (requiring only dextran) and a release phase (requiring only Ca++)
as has been done by others in the case of histamine release by specific antigen.
It appears that dextran and Ca++ must be present simultaneously to achieve
release with dextran.

Significance to Heart and Lung Research:
Vasoactive substances released from mast cells are involved in allergic

and inflammatory reactions.

Proposed Course ;

If pure mast cells that have retained their responsiveness to dextran and
to drugs can be obtained, further attempts will be made to correlate the dr-ug

effects with cyclic AMP levels. Studies of the release mechanism and of the
causes of unresponsiveness of the cells will be continued.

Publications: None.
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Serial No. MLI- 283
1. Molecular Disease Branch
2. Section on Metabolism
3. Bethesda, IVferyland

PHS - NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Effect of Hormones in vitro on the Metabolism
of Rabbit Aorta and of Aortic Cells in Culture.

Previous Serial No.: None.

Principal Investigator: Joel Avigan, Ph.D.

Other Investigators: Sam J. Bhathena, Ph.D.
Marta E. Schreiner, B.S.

Project Description:

Objectives :

To study the effects of insulin and of glucocorticoids on metabolism of

arterial tissue in vitro and on the growth and the rate of protein and lipid

synthesis in aortic cells in culture.

Methods :

Rabbit aortae were incubated for -va-riable periods in the presence or ab-

sence of hormones in the medium. The rate of incorporation of a number of

radioactive precursors into lipids and proteins was subsequently determined

following a separate incubation step. Similar experiments were carried out

with aortic cells in culture ahd also with human skin fibroblasts, applying
methodology described in a previous publication.

tfejor Findings :

The study is stiU, in its preliminary stage, but a few observations have
been made. Insxilin (O.^ U/ml) stimulated acetate incorporation into nonsaponi-
fiable lipids and fatty acids in aortic tissue. In skin fibroblasts, in spite
of the presence of ample concentration of glucose in the medium, there was a

lOOfo increase in the incorporation of acetate into nonsaponifiable lipids,

30^ increase into fatty acids, and 90^ increase of alanine incorporation into
proteins, after incubation with 0.^ U/ml insulin for h hours. The effect on
synthesis of both lipid fractions, but not of protein, further increased fol-
lowing a 2-day incubation with insulin.

Dexamethasone at concentrations of 107 and 10"" M seemed to inhibit in
human fibroblasts the incorporation of labeled precursors into both lipid
fractions and into proteins after an incubation period of k hours. However,
after a more prolonged incubation of 2 days with dexamethasone, there was a
significant stimulation in these processes {h^O'fo for nonsaponifiable lipids,

>'fo for fatty acids, and kOfi for proteins). Even at the concentration of
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10"° M, the drug stimulated 4-fold synthesis of nonsaponifiable lipids. (The
effect of the 10~° M dexamethasone on other hiosyrLthetic reactions is presently
under investigation. ) It is presumed that the initial depression may be due
to the previously described inhibition by glucocorticoids of uptake of certain
metabolites, while the later occurring stimulation reflects an increase in
enzymatic activities under the influence of the drug. In this respect, the
fibroblasts seem to be different from HTC cells, where total protein synthesis
is not stimulated by glucocorticoids (Tomkins, et al, Cold Spring Harbor Symp.,
Quant. Biol., 31: 3^9, 1966).

Significance to Heart and Lung Research ;

The effect of hormones on cell growth in general, and on the rate of
lipid and protein synthesis in arteries in particular is significant to a
heart research program.

Proposed Course;
It is hoped that measurement of the effect of hormones on the uptake of

acetate and of other metabolites and on the turnover rates of individual pro-
teins in aortic cells and tissue will produce information relevant to the
purpose of this study.

Publications

:

Williams, CD., and Avigan, J.: In vitro effects of serum proteins and lipids
on lipid synthesis and in human skin fibroblasts grown in culture and in
leukocytes. Biochim. Biophys. Acta. 26O: 413-423, 1972.
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1. Molecular Disease Branch
2. Section on Metabolism
3. Bethesda, Maryland

PHS - NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Effect of Injury on Metabolism of ]yfe.mmalian Arteries

Previous Serial No. : NHLI-287

Principal Investigators: Joel Avigan, Ph.D.
'

Sam J. Bhathena, Ph.D.

Other Investigator: Marta E. Schreiner, B.S.

Project Description:

Objectives ;

To study the effect of injury and of recovery from injury on catabolic
and biosynthetic processes in arterial tissue, and to investigate the nature
of such recovery in vitro.

Methods

:

'

Rabbit aortae were prepared as described in previous report and subjected
to controlled mechanical or environmental injury. Following an aseptic incu-
bation in Eagle's medium for periods ranging from to 4 days, the tissue was
subsequently briefly incubated in Krebs -Ringer phosphate medium containing
radioactively labeled acetate, glucose, alanine or thymidine, and the radio-
activity in nonsaponifiable lipids, fatty acids, proteins or DRA was determined.
Some experiments were carried out in rabbit and dog arteries in vivo and a con-
trolled injury inflicted during a siirgical procedure was followed by a recovery
period and an in vitro incubation in a radioactive medium.

Ma j or Findings :

The study described in last year's report, in the course of which it was
shown that cutting tissue into small fragments inhibits incorporation of labeled
acetate and alanine into lipids and proteins, respectively, was extended to
other types of controlled injury. Squeezing with a non-traumatic hemostat or
scraping with a blade caused an immediate depression in lipid, protein and DWA
synthesis. This depression was, however, partially reversed on incubation of

the tissue, and after three days the respective rates were at least 50'J^ of
those in control samples. The presence of lipid-free serum proteins in the

incubation medium led to greater recovery of lipid and protein synthesis than
the presence of whole serum. A more moderate injury inflicted by rolling a

5-kg weight also completely eliminated the biosynthetic processes, but after
an l8-hour incubation the rates of acetate and glucose incorporation into
lipids, of alanine into proteins, or of thymidine into DNA equaled or exceeded
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that in uninjured samples. Similar partial or complete recoveries of the
rates of nonsaponifiahle lipid, fatty acid and protein synthesis following
injiiry to arteries with a squeezing tool was demonstrated in dogs and rabbits
in vivo.

Controlled gradual freezing of aortic tissue in the presence of DMSO fol-
lowed by rapid thawing essentially eliminated incorporation of acetate and of
glucose into both lipid fractions, but a recovery to 50^ of control was noted
after a one-day incubation, and a full recovery was reached at the end of four
days. Freezing depressed only partially oxidation to COp of acetate or of
glucose, and there was no recovery following incubation. Cell injury of
aortic and skin fibroblasts was inflicted by incubation in hypertonic media,
and results similar to those described above were obt;ained.

Significance to Heart and Lung Research ;

The study may contribute to heart research (l) through findings on the
effect of injury on arterial metabolism, (2) through elucidation of an essen-
tially unknown phenomenon of recovery of individual cells, and (3) through
the study of the effect of freezing on arterial biochemistry (freezing being
a widely used method for preservation of human arteries).

Proposed Course

;

The localization of the metabolic changes described above is being pres-
ently investigated by electron microscopy and autoradiography of arterial
tissue preparations. The nature of a biochemical injury to tissue and of a
recovery therefrom should be further studied on a cellular level.

Publications

:

Avigan, J., Bhathena, S.J., Williams, CD., and Schreiner, M.E. : In vitro
biosynthesis of lipids, proteins and DKA. in aortic tissue and in cultured
aortic cells. Biochim. Biophys. Acta, in press, 1972.
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Serial No. NHTJ-285fc)
1. Molecular Disease Branch
2

.

Section on Molecular Hematology
3. Bethesda, Maryland

PHS-NHLI
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Regulation of Hemoglobin Chain Synthesis in
^-thalassemia

Previous Serial Number: NHLI-317 (c)

Principle Investigators: W, French Anderson, M.D.
Arthur W. Nienhuis, M.D.
Ronald G. Crystal, M.D.
Norton Elson, M.D.

Other Investigators: Abigail Thornton, M.D.

Cooperating Units : None

Project Description:

Objectives ; Beta thalassemia, also known as Cooley's Anemia, is

an hereditary disease characterized by severe anemia. Anemia is

a consequence of a low level of P chains of hemoglobin being
produced by the patient's red blood cells. No amino acid change
has been found in the hemoglobin P-chains of thalassemic patients.
It is generally assumed, therefore, that the molecular abnormality
resides in the regulation of P-chain synthesis. Our laboratory
is attempting to determine the normal mechanisms for regulation
of hemoglobin chain synthesis and to determine the nature of the
defect in P-thalassemic cells which allows normal a-chain, but
limited or absent P-chain, production.

Methods ; Blood is obtained both from patients with beta-thalassemia
and from patients displaying a high reticulocyte count secondary
to another cause (forscample, autoimmune hemolytic anemia, sickle
cell anemia, etc.). Cellular components involved in hemoglobin
synthesis are isolated and utilized in a cell-free hemoglobin
synthesizing system. By substituting each component in turn from
the thalassemic cells into the non-thalassemic cell-free system,
it has been possible to test each component of the thalassemic
system to determine which is normal and which is abnormal.
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Major Findings ; 1) Active human messenger RNA translating for
human globin chains has been isolated from the wards of local
hospitals. The following diseases have been analyzed: P-thalas-
semia , sickle cell anemia, folic acid deficiency, autoimmune
hemolytic anemia, erythroblastosis fetalis. It has been shown
that messenger RNA from a patient's reticulocytes is able, in the
rabbit cell-free system, to exactly reproduce the globin chain
synthesis of the intact reticulocytes. Thus, mRNA isolated from
patients having folic acid deficiency or autoimmune hemolytic
anemia, (diseases in which there are no globin chain abnormalities
directs normal globin synthesis; mRNA from patients with sickle
cell anemia, directs the synthesis of normal a, but sickle P
chains; mRNA from newborn infants directs the synthesis of a and
P chains as well as of 7 chains; and mRNA from patients with P-
thalassemia directs the synthesis of a normal amount of a chains
but a decreased amount of P chains. 2) Techniques have been
developed for isolating mRNA from bone marrow cells; human bone
marrow mRNA is active in the cell-free system. 3) The initiator
tRNA for the a, p, and 7 chains has been shown to be Met-tRNAf.
The initial dipeptide has been isolated in the synthesis of a,

P and 7 chains and is Met^-valine for the a and P chains and is ,

Met^-glycine for the 7 chains. 4) Attempts to determine a method
whereby active messenger RNA could be introduced into intact bone
marrow cells or circulating reticulocytes have thus far been
unsuccessful

.

Significance to Biomedical Research and Institute Program : P-
thalassemia is a severe hereditary disease which affects a sizeablt
number of individuals in the Mediterranean and Asiatic countries.
A method for treating this disease, which will reduce or eliminate
the frequent blood transfusions required, is needed. In addition,
the techniques utilized to learn how the rate of hemoglobin syn-
thesis is regulated can then be applied to studying other diseases
where the defect is also in faulty regulation of the synthesis of
a gene product.

Proposed Course of Project : Attempts will be made to synthesize
(

the complementary DNA to normal globin messenger RNA. It will
then be attempted to introduce the DNA-RNA hybrid into intact
cells

,
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Honors and Awards: Annual Award for Scientific Achievement in the
Biological Sciences for 1971; presented by
the Washington Academy of Sciences

Publications

:

Nienhuis, A.W., Laycock, D.G., and Anderson, W.F.: Translation
of rabbit hemoglobin messenger RNA by thalassemic and non-
thalassemic ribosomes. Nature , New Biology , 231: 205-208,
1971.

Nienhuis, A.W. and Anderson, W.F.: Isolation and translation
of hemoglobin messenger RNA from thalassemia, sickle cell
anemia, and normal hviman reticulocytes. J. Clin . Invest .

,

50: 2458-2460, 1971.
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Serial No. NHLI-286
1. Molecular Disease Branch (

2. Section on Molecular Hematology
3. Bethesda, Maryland

PHS-NHLI
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: The Mechanism of Hemoglobin Biosynthesis in Rabbit
Reticulocyte Cell-free Systems

Previous Serial Number: NHLI-295

Principle Investigators: W. French Anderson, M.D.
Philip M. Prichard, Ph.D.
Ronald G. Crystal, M.D. I

Norton Elson, M.D.
William C. Merrick, Ph.D.
Herman Graf, Ph.D.
David G. Laycock, Ph.D.

Other Investigators : None

Cooperating Units: None

Project Description:

Objectives ; The mechanism and regulation of mammalian protein
synthesis is being investigated by utilizing hemoglobin biosyn-
thesis as a model system. The rabbit reticulocyte has been frac-
tionated into its various components. The separate steps required
in the protein synthesizing process can be separately studied
by recombining just those components required for each individual
step.

Methods: Standard techniques of enzyme purification and of protein
and nucleic acid fractionation have been employed. Enzymatic
assays have been developed or modified from those described in the
literature to examine the individual steps in the processes of j

initiation and elongation of protein synthesis. Chromatographic
and electrophoretic techniques have been developed for product
analysis of partial globin chains.
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Major Findings ; 1) Four protein initiation factors, iyij_, M2a ' J^2b
and M3 , have been extensively purified and characterized. The
mechanism of action of each of these four protein factors is

being determined. 2) The initial dipeptide and tripeptide for the
a and P globin chains have been individually synthesized on reti-
culocyte ribosomes. The first step in globin chain synthesis is
binding of the initiator tRNA , Met-tRNA^; the second step is the
formation of the first peptide bond; the third step is the forma-
tion of the second peptide bond. Each of these steps has its
characteristic requirements for initiation and elongation factors,
energy source, and ionic conditions.

Significance to Biomedical Research and Institute Program ; An
understanding of the mechanism and regulation of mammalian protein
synthesis is important to the understanding of overall normal cell
function

.

Proposed Course of Project ; Purification of each initiation factor
to homogeneity. Determination of the precise role of each ini-
tiation factor in the initiation process.

Honors and Awards; None

Publications

:

Crystal, R.G., Shafritz, D.A., Prichard, P.M., and Anderson,
W.F.; Initial dipeptide formation in hemoglobin biosynthesis.
Proc . Nat. Acad . Sci . , 68: 1810-1814, 1971.

Shafritz, D.A., Laycock, D.G., Crystal, R.G., and Anderson,
W.F.; Requirement for GTP in the initiation process on
reticulocyte ribosomes and ribosomal subunits . Proc . Nat .

Acad. Sci ., 68: 2246-2251, 1971.

Comstock, J. P. and Anderson, W.F.: Transfer RNA -dependent
translational control of protein synthesis. Adv. Geront .

Res., 4; 81-103, 1972.

Crystal, R.G. and Anderson, W.F.: Initiation of hemoglobin
synthesis: Comparison of model reactions that use artificial
templates with those using natural messenger RNA. Proc .

Nat. Acad. Sci., 69; 706-711, 1972.
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Shafritz, D.A., Prichard, P.M., and Anderson, W.F.: Purifi-
cation and assay of reticulocyte initiation factors. In
J.A, Last and A.I. Laskin (Eds.) Methods in Molecular Biology ,

New York, Marcel Dekker, Inc., 1972, Vol. 2, pp. 265-321.

Shafritz, D .A . , Prichard, P.M., Gilbert, J.M., Merrick, W.C.,
and Anderson, W.F.: Separation of reticulocyte initiation
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Serial No. NHLI-287
1. Molecular Disease Branch
2. Section on Molecular Hematology
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The Mechanism of Hemoglobin Switching in Sheep
and Goats

Previous Serial Number: None

Principle Investigators: W. French Anderson, M.D.
Arthur W. Nienhuis, M.D.
Jane E. Barker, Ph.D.
Amy Falvey, Ph.D.

Other Investigators: Sherrill Adams, M.A.

Cooperating Units: Dr. Joseph E, Pierce, Section on Lab Animal
Medicine and Surgery

Dr. Leonard Stuart, Ungulate Unit, NIH Animal
Center

Project Description:

Objectives : An animal model is sought to study the mechanisms
involved in the regulation of gene expression for globin synthesis
including the mechanism for globin chain switching which occurs
in many higher organisms including humans. The best model system
appears to be the switch from hemoglobin A to hemoglobin C which
occurs in goats and certain sheep when they are made anemic. This
switch appears to be induced by the hormone erythropoietin. It
is our desire to reproduce this globin switch in an i_n vitro
system in order to be able to study it.

Methods : Sheep and goats are made anemic by bleeding or by phenyl-
hydrazine injection. Samples of bone marrow cells are obtained and
are grown in tissue culture. Alterations in cellular activity
are studied as a function of erythropoietin administration and of
experimental conditions . Methods have been developed for iso-
lating active messenger RNA from these cultured bone marrow cells.
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Major Findings ; 1) Active messenger RNA has been isolated from
the bone marrow cells and reticulocytes of sheep and goats both
before, during and after anemic stress. It has been shown that
when an animal is synthesizing only hemoglobin A, he has only the
messenger RNA for hemoglobin A in his cells. Likewise, when he
is synthesizing only hemoglobin C, he has only the messenger RNA

|

for hemoglobin C in his cells. Therefore, the switching process
must be mediated at the cellular or the transcriptional level
since a translational control mechanism is excluded. 2) Bone
marrcw cells can be grown in culture. Preliminary data indicate
that erythropoietin may induce a small amount of HbC synthesis in

vitro .

Significance to Biomedical Research and Institute Program ; It has

been widely suggested that a potential treatment for thalassemia as

well as for sickle cell anemia would be to induce the patient's
bone marrow cells to produce hemoglobin F. Such a switch should
eliminate production of the abnormal hemoglobin pattern. In order
to understand how the normal switch from hemoglobin F to hemoglobin
A occurs, as well as to understand how it might be possible to
make this switch reversible, it would be helpful to learn the
mechanism by which a reversible switch in an animal model system t

takes place. Sheep and goats provide such a model system for
analysis. By learning the mechanism of switching in sheep and
goats, it should be possible to apply this knowledge to human
patients.

Honors and Awards: None

Publications;

Nienhuis, A.W., and Anderson, W.F.: Hemoglobin switching in
sheep and goats; Change in functional globin messenger RNA
in reticulocytes and bone marrow cells. Proc . Nat . Acad .

Sci ., 1972 (In press)

.
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Serial No. NHLI-288
1. Molecular Disease Branch
2. Section on Molecular Hematology
3. Bethesda, Maryland

PHS-NHLI
Individual Project Reports

July 1, 1971 through June 30, 1972

Project Title: Evolutionary Homology of Components of the Protein
Synthesizing Machinery

Previous Serial Number: NHLI-316

Principle Investigators: W. French Anderson, M.D.
Dante J. Picciano, M.S.
William C. Merrick, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives : The extent of evolutionary homology of the components
of the cell's protein synthesizing machinery in organisms throughout
the phylogenetic tree is being examined

.

Methods : Cell components are isolated from organisms ranging from
E .coli to human. Interchangeability of components between species
is analyzed in cell-free assays.

Major Findings : 1) The mammalian initiation factors, M-, , M2;^,

M2B/ and M3 have been isolated from a nucleated source, rabbit
liver. 2) Interchangeability studies of the liver factors with
the reticulocyte (an enucleated cell source) factors shows that
the liver factors are similar if not identical to the corresponding
reticulocyte factors

.

Significance to Biomedical Research and Institute Program : The
fact that at least parts of the cell's protein synthesis apparatus
appear to have remained essentially unchanged during evolutionary
development implies that many conclusions concerning the mechanism
of cell function determined in lower organisms might be applicable
to human tissues. By demonstrating the interchangeability of a
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component, it is possible that genetic apparatus from lower
organisms might eventually be used therapeutically in man.

Proposed Course of Project ; Initiation factors are now being
isolated from human fibroblasts as well as from organisms between
bacteria and mammals. The interchangeability of initiation factors
throughout the phylogenetic tree is being tested.

Honors and Awards: None

Publications: None
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Annual Report of the

ENDOCRINOLOGY BRANCH
National Heart and Lunq Institute

July 1, 1971 through June 30, 1972

The work of the Endocrinology Branch has included (1 ) Studies in calcium
and phosphorus metabolism, in parathyroid and thyrocalcitonin physiology, and

in renal stone formation, (2) Studies in adrenal function and in the control

of blood pressure , (3) Studies of renal function and the control of body sodium ,

and (4) liiscellaneous studies including vjork on the molecular defect of collagen

in osteoporosis and lathyrism, and the action of thyrotropin releasinn factor.

(1) Studies in Calcium and Phosphorus Metabolism . Considerable attention was

given to the development of three measures considered essential for the study

of calcium and phosphorus metabolism:

Radiodensitometry of bone, quantitative measure of gastrointestinal calcium
absorption and measurement of urinary cyclic adenosine monophosphate.
As regards radiodensitometry, an instrument was developed wherein absorption
uy soft tissue can be adequately subtracted from absorption by bone and an index
of bone density devised for each patient. The sensitivity of such measurements
is vastly improved if the patient can serve as his own control. In the studies
to follow this was part of the design. Optimal results v/ere obtained with tiie

radius, the blank being derived from the interosseous ligaments, soft tissues
and fat. It was necessary to divide total absorption by bone width to arrive
at an index which would allow comparison of one patient with another, with
different total widths of bone.

As regards calcium absorption, the technique developed in this branch
wherein total absorption by the bones of the forearm of calcium derived from
an intravenously delivered load is compared with that derived from the same
orally administered load was further developed and perfected. The index of
absorption, alpha, the ratio of these two figures is deoendent upon the abso-
lute load of calcium given orally. In addition, it was shov/n in studies this

year that absorption is directly deoendent on oral sodium load and directly de-
pendent upon the intake of alkali, being inhibited by intake of acid.

Ttie third index studied was the urinary excretion of cyclic AIIP v.'hich con-
tinues to serve as a rough index of parathyroid hormone activity, since it is

moderately elevated in hyperparathyroidism and not sunpressible by infusion of
calcium. Methods for determination of cyclic AMP were perfected and studies
were begun to measure quantitatively the effect of parathyroid tjomone in vivo
on the excretion of CAMP in the urine.

The measurement of coefficient of calcium absorption, alpha, together with
the calcium intake, served to provide a rouah index of absolute absorotion of
calcium. It was found that the direct comparison of this figure witli urinary
calcium provides a valuable index of the actual calcium balance, which can be
determined only with extensive additional studies. By this rough index it was
shown that patients with normocalcemic hyperparathyroidism tend to show urinary
calcium excretion greater than absorption and thus a negative balance, whereas
patients with essential hypercalciuria with gastrointestinal hyperabsorption of
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calcium ttnd to show absorption at least equal to urinary calcium and thus to ]

rstnain In calclim balance. In the course of these studies on urinary calcium |

and hypercalcluria, factors tending to the formation of calcium containing
rtnal stones were further explored. It was found that even In a patient whose
Ion product of calcium by phosphate In the urine over a 24-hour period 1§ above
the product necessary to deposit brushlte, the majority of voldlncis show a low
product. This will suggest that control of renal stone formation, directed
only towards those times of day In which the patient is at risk, v/ould be

feasible even in patients whose hypercalciuria cannot bt contrellid. Other ('

factors affecting calcium absorption were studied. These included tht u§i of
growth hormone which well-known tendency to produce hyoercal ci uri a has net
been explained, and thyrocalcitonin, whose effect on calcium abforptien in

man is obscured. Whereas the growth hormone thus far has shown no cliif
results, preliminary results with thyrocalcitonin have shown that It can in-
crease calcium absorption independently of parathyroid hormont.

The effect of calcium infusions in osteoporosis was pursued. Furthtr ttft§
continue to suggest that the efficacy of infusion depends in part upon th©
suppression of parathyroid hormone secretion (with induction of f^sitiv© cslcluffi

balance and decrease of urinary cyclic AflP). There are as ytt fgw rtsultf t§
support the further hyoottesis that the effect Is, in part, rtfult @f m
increase in thyrocalcitonin secretion. In view of this latter hypothtfif , th§
direct effect of thyrocalcitonin was raeasured In patientf with @ft#©p0r©§if
and in a patient mtit Paget's disease, and patients with hypooarathyrefdlfii.
The effect In! osteoporosis was comp&red mth tlrat of calciuin ifffusiof^f * Mltenfai§

the tiiyrocalcltonfn In some cases pr&dktced negative balaince* It 4i4 n&t mmsf
to eniianice ttie effect of calclumi Imfisislonis when given tofetheT with Vhe c&'^cim, <'

In patients with Intact paratfcjnjidls, thyrocalcitonin alone increase urinary
cyclic iW, a restilt vAldi; t©getlier wi,th tke induction of negative catciiW
balance, caused activation of the parathyroids. In patients witlij hiyp^ptfaitWy-

roldlsHs, thyrocalcitonin Increased absorption of calcium, presumab'Ty as s
direct resuilt oif tite actlow of tf^yrocalcitonin on the qaistro intestinal trsei*
Ii!i! riew? fflf the beneficial! effects of reseated calcium infwsions iff spprO'XliMt^ly
inalf of tiie patleiDts wftft idiopathic osteoporosis, S- serfes &f stdndlfes Ihp

patfonts witM post-menopatiisal osteoporosis was be^p. PSesiwHts ©f tte ausitysfs
am the first piatient suggest that tte fnifuslons decreased! tHiie i!i»iiiiiai»y excmiii(Siii|i

®f caHoHHri <md the plasma calciumij ans effect similar to tkst ^§@rm4 ffli

Ififilopatralc osteoporosis. We suggest that the mechanism of po§t-ffiiiiii®|5'Si!ji$»ll

©steapjrosls may include an. imbaian^ce betweew! parathyroid h®rmowg sctfm^,

h giFGwap) (sif patients witfe eTevratedi cBllasinffi mi^im mS seciSffikteny as1dl5i$t©»nswii§ffP#

tffigetiter wltKii lli!sqiJercal:ci:u;ri.a was (i^S(CBS)\i(«redl aBindl s^tMJ!fedi im §(sme cfet^tl.. H
sppears llfeffiHy!' ttoaEfc iriiiiaKT calidiimn sentes to sttlimmlat® production of H'enPiiwi iiiin

tJiijfis giinamjp ®f Rsatiieilts. StUBsWes fwi tthe tiasswie diii^as^e, Qi^teomaTacia an^l rii(£Us:e€§# /

firaclui'cteJ (nmintfrraed! t^ts cif tHie effects of 2f-hydroxychoTecaTciferoT,- wte$e ^

effect <m caTci^um^^ a&soiniftfon' Err®vedl t® be transient, md mejasurements (5)f tmm-^
tk^raid function In an adult patient mtk cssteomal acf s.. Iwi tints patfgfWt wrt®

lin^ su,ffe:red gastrectomy, it was showrp ttet secondary tiy/pe^rFarathyrotdiiisni ©i1i$-tiedi

aiMi; sffiirvedi to increase urfnary ptrosphorus cTearanee thus Towering piastre
"'*~-'™'*'~'ms to; the DOiint wHiere cail^cifi catiion &f bone3£ coiujlidi n© Xongi&r o«i(£ur..
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The initial event appeared to be a failure of calcium absorption as a result

of the gastrecton^.

(2) Studies in adrenal function and in the control of blood pressure.

Studies related to adrenal function concentrated primarily upon abnormal-
ities of blood pressure. Criteria were developed for the study of blood pres-
sure as a periodic phenomenon, that is, a phenomenon showing cyclic changes in

or about a rhythm adjusted mean with an acrophase and nadir apoearing within
each 24-hour day. This study was greatly facilitated by the measurement of
frequent blood pressures by automatic non-invasive machine e.g., every 10 min-

utes. Such a study serves as a baseline for parallel analysis of factors known

to affect blood pressure, on the one hand, and for the optimal timing of

treatment on the other. Other variables studied also with a circadian rhythm
included aldosterone excretion, sodium excretion, plasma renin activity,
plasma dopamine beta hydroxylase, urinary catechols, and plasma Cortisol with

the mapping of the curves for these variables for a given patient whose blood
pressure and temperature curves are also mapped. An attempt is being made to

define the conditions necessary for peak of blood pressure and to find the

optimal time of treatment. In a number of patients under study, hypertension
is a matter of definition in that pressures in the range generally accepted
as normal are the rule, and high values occur only at acrophase. In an attempt
to find the optimal time of treatment, patients with hypertension are being
given diuretics or placebo in a double blind study with the whole days treat-
ment given at 1 point in the 24-hour day. The role of circadian rhythm in

hypertension was further explored by a detailed study of a patient with hyper-
tension on the high sodium intake, on a low sodium intake and on a low sodium
intake after inversion of living pattern such that sleep was allowed from
10:00 a.m. to 6:00 p.m. instead of from 10:00 p.m. to 6:00 a.m. In this
patient, the combination of low-sodium intake and phase inversion induced
normal blood pressures throughout the 24-hour period. Current studies relate
the secretion of aldosterone, renin and catechols to thehypertensive phase and
the normotensive phase in this patient. The branch is developing a period-
icity room in which automatic recordings of blood pressure, temperature, electro-
cardiogram and electroencephalogram can be entered into a permanent record and
immediately subjected to analysis, which, in turn, can be applied to a ther-
apeutic program operated by a Sigma Three Computer.

In addition to aldosterone, a number of other adrenal functions were
studied as periodic variables. Patients with the adrenogenital syndrome,
temporarily taken off treatment, v/ere studied for periodicity of adrenal
function including 17-ketosteroids, urinary sodium, potassium, and 17-hydroxy-
corticosteroids. Contrary to previous reports, it was found that the 17-

ketosteroids, while greatly elevated for the patient's age, underv;ent normal
circadian fluctuations with normal acrophase. Patients with the syndrome of
juxtaglomerular hyperplasia and normal blood pressure were studied further to

determine the mechanism for the persistent normality of blood pressure despite
marked elevation of plasma renin, and aldosterone secretion. - It was found that
hyporesponsiveness to angiotensin persisted in a number of patients with this
syndrome, despite extensive sodium loading by the oral route, expansion of
plasma volume with albumin, and even rapid expansion of the vascular volume
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with saline infusion. As there are reported cases in which expansion with

albumin or rapid intravenous infusion of saline has decreased plasma renin and

responsiveness to angiotensin, essentially to normal, it becomes apparent that

there are at least two classes of patients with this syndrome. In one class

are the patients without signs of hypovolemia and with ability to retain sodium

showing resistance to angiotensin, despite measures designed to expand the

intravascular volume; in the other class, are patients who are sodium-losers

tending to develop hypovolemia whose responsiveness to angiotensin can be

restored essentially to normal by expansion of intravascular volume with

albumin or with rapid infusions of saline.

Factors operating to control aldosterone secretion were further explored.

In an attempt to discover the cause of the secondary decrease in aldosterone

secretion, regularly observed with continuing administration of ACTH, the

response of renin to this regimen was explored. It was found that whereas

plasma renin rises with ACTH, there is a secondary decrease corresponding to

the decrease in aldosterone secretion. Thus if an initial rise in aldosterone

secretion with ACTH represents synergism of ACTH with renin, a secondary decrease

might represent the removal of renin from this picture. The effect of prosta-

glandins on Cortisol secretion by the isolated adrenal was explored. PGE^

,

PGEo, and PGF^^ had no effect on Cortisol secretion in this system.

Studies in the control of aldosterone secretion at the molecular level

were begun with the use of dog adrenal cell preparations. Preliminary

separation of the mitochondrial layer was utilized to measure the conversion

of precursor corticosterone to aldosterone. Future studies will utilize this

model to study influences affecting the last steps in biogenesis of aldosterone.
I

(3) Studies of renal function and the control of body sodium

Study of the mechanism of the syndrome of idiopathic edema was continued

with the method of compartmental analysis of albumin synthesis and after

intravenous administration of radioactive human serum albumin. With this

analysis, patients with idiopathic edema were shown to have a defect in albumin

metabolism, characterized by a decreased rate of synthesis, an increased rate

of catabolism or both. The effect of these defects was to reduce the

circulating plasma volume in all patients. It was shown that this volume could

not be restored by retention of water, despite significant hypoalbuminemia in

the patients with edema. Accordingly, a compensatory overproduction of aldo-

sterone and of renin accounting for a relative increase in retention of salt

and water was shown to be a basic secondary manifestation of the disorder

(formerly) idiopathic edema.

The control of sodium conservation by the kidney was studied by further

investigation of the interaction of the adrenergic receptors with the cyclic

nucleotide systems. Alpha adrenergic stimulation was shown to increase proximal'

tubular reabsorption of sodium and studies were undertaken to determine whether

this could be a function of renal cyclic guanosine monophosphate. The direct

Infusion of cyclic GMP decreased urine volume and free-water clearance in

water-loaded dogs, thus supplying indirect evidence that a function of guanyl

cyclase could mediate the action of the alpha receptors in producing retention

of sodium by the proximal tubules. The effect of prostaglandins on renal

I
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function was investigated. Whereas prostaglandins E, and A, had clear effect,
prostaglandin F2^ had none as demonstrated by direct infusion into the renal

artery. The effects of PGE, and PGA^ were increased sodium excretion, urine

volume, and free-water clearance during water loading and decreased tubular

reabsorption of water during water restriction. These effects could all be

attributed to a decrease in proximal tubular reabsorotion which in turn may

be attributable to vasodilatation of renal vessels. The effect of acidosis

on the renal handling of calcium was explored in an attempt to define tiie

hypercalciuria of acidosis. Studies in dogs confirmed the consistent and highly

significant correlation of calcium clearance with sodium clearance and snowed

that calcium clearance was significantly increased with the state of acidosis

independently of the sodium clearance, thus acidosis was shown to decrease
renal tubular reabsorption of calcium presumably by direct tubular action.

(4) Miscellaneous Studies

Studies not related to the above systems included the development of
pituitary function tests with thyrotropin releasing factor in v/hich the release
of thyroid stimulating hormone was made by radioimmunoassay. With ttiis test
it was possible to separate patients with hypopituitarism into those unable to

secrete thyroid stimulating hormone (TSH) and those retainina the capacity to

secrete thyroid stimulating hormone but lacking hypothalamic stimulus to its

release. Studies of collagen metabolism and structure v/ere continued. It had
been shown that patients with idiopathic osteoporosis show an excess of soluble
bone collagen as compared to normal subjects and a relative deficiency in the

hydroxylation of collagen proline to hydroxyproline. In view of the known
action of estrogen in increasing the maturation of collagen (with decrease in

soluble collagen and increase in hydroxylation of proline), this effect
was tested with the substance 17-alpha estradiol, previously shown to promote
maturation of collagen in guinea pigs. Patients receiving oenici 11 amine with
cystinuria v^ere selected with the hope that the estrogen might decrease the

tendency to lathyrism induced by the penicillamine and thus represent a

therapeutic measure. In was indeed found that patients receiving penicillamine
showed an increase in soluble collagen of skin with a relative decrease in

hydro)vlation of proline. 17-alpha estradiol increased the hydroxylation of
proline, increased the quanity of protocol lagen proline hydroxylase present in

the skin and did have the expected effect of decreasing the amount of soluble
collagen present. Extension of these studies to oatients with osteoporosis
is under investigation. Studies v/ere done with artificial stearic acid phosphate
monolayer to test the effect of peptide hormones on the permeability of the
layer to water and on its affinity for calcium. Studies v/ere instituted to
examine these same variables with a bilayer of phospholipid. Preliminary results
with the monolayer indicated an effect of insulin and of vasopressin to increase
the passage of v/ater v/hile decreasing the adherence of calcium to the aqueous
surface of the layer. It appears likely that the effect on permeability of water
and that on absorption of calcium are related and probably dependent upon the
same mechanism. Initial results with the bilayer suggests that insulin increases
the permeability of the bilayer to v;ater in a manner analogous to the effect
on the monolayer. Studies v;ere begun on tlie definition of the steroid molecule
in Cartesian coordinates with PDPIO computer. In this way it is hoped to define
the tnermodynamically stable state of the molecule with the hope of improving
the understanding of the mode of action of the steroid molecules at tiie

molecular level

.

777





Serial Ao. NHLI-289
1. Endocrinoloqy Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 throuqh June 30, 1972

Project Title: Calculation and uisolay of cartesian coordinates in biological
molecules.

Previous Serial .Jumber: None

Principal Investigator: E. Alving, M.D.

Other Investigators: None

Project Description:

Objectives:

This is part of a larger project to calculate electronic structure from
the nuclear positions of atoms in nhysiolonical molecules. The quantum mecii-

anical programs used for this require the exact nuclear coordinates as innut.

liethods Employed:

Tne calculations and 3 dimensional display have been done on the pdP-10
and Mdage computers at DCRT.

Results:

The exact nuclear coordinates are not available for most biolooic molecules
but can be calculated from standard bond length and angles. For molecules tne
size of steroid hormones this is a very complex proceedure, and checkinn the
results obtained is almost as laborious.

To obviate this problem, and the attendant possibility of error, a pro-
gram has oeen v/ritten for the PDP-10 computer v;hich uses as input only the

connection table of the atoms in the molecule. The program uses modifications
of algorithms written by Gordon & Pople( ) to define the geometry around eacn
atom and the structure of the molecule as a whole. Standard bond data are
stored within the program, but provision has been made for perturbations from
standard structures. Simple commands have been developed to "manipulate" tiie

structure of the molecule. For example, once a standard structure is cal-
culated and displayed, a sinnle command will cause rotation of two molecular
fragments around a bond until a pair of specified atoms are witln'n a specified
distance.

Tiie cathode ray display of the calculated structure serves as an immed-
iate visual Check of the results. The oroaram will sunerimnose numerical data
about atomic relationships on the structural imaqe if desired. Tiie structure
can be viewed from any an ale.
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The display image is somewhat similar to a stick model of a molecule,

but is far more accurate, and in addition it has some of the features of

"solid" molecular models since it can perform rotations around bonds without

violating van der Waals distances.

Many biologic molecular structures cannot be built with standard bond

lengths and angles, and in these cases, the spatial relationships can be

adjusted using simple commands under visual control.

Publications:

None.
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Serial No. NHLI-290(c)

1, Endocrinol oay Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Reoort

July 1, 1971 through June 30, 1972

Project Title: Evaluation of bone disease hy radio-dens itometry.

Previous Serial Number: None

Principal Investigator: E. Alvinq, M.D. and F.C. Bartter, ti.D.

Other Investigators: None

Project Description:

Objecti ves

:

To develop a quantitative index of bone health which is objective and

easily performed.

Methods

:

A digital densitometer vjhich indicates radiologic density over snail

increments of distance has been used in tnis laboratory to measure mid arm

density in a large number of patients.

Major Findings:

There is a great deal of heterogeneity in the pattern of data collected,

in nart due to decay of the radioactive source, but orimarily due to variation

in subject anatomy. The data processing problem involved amounts to finding

peaks and plateaus, and distinguishing these from noise.

A single computer program of general applicability has been developed

which successfully processes these data, even in the presence of considerable

electronic noise. It v;ill handle data from a large range of subject anatomy.

The principles used in this program are quite general, and could be used

to find similar peaks in data from chromatographs or other instruments.

The estimation of bone density by linear radiologic scanninn is well

established as a practical proceedure, and a commercial machine has recently

come on the market. Our experience indicates that there is hiah reproducibility

of data from a single patient, but data from different patients may be affected

by several factors includina the fat content of the arm and bone width.

Unevenly distributed fat introduces errors in these measurements, since

it causes a decrease in overall radio-opacity of the arm, which is tlie back-

ground to which the bone density is compared. The computer program at Present

indicates the presence of fat and allows some correction to be made for it.

1^(



The most important aspect of this project is the development of an invar-
iant function relating bone density to boen width, and other physiologic vari-
ables. Initial results show that density divided by width is much more
invariant than density alone in any one patient. But, as might be expected,
the density is not a strictly linear function of bone width, and studies are
currently underway to find an improved invariant function.

Publications:

None.
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Serial No. NHLI-291(c)
1. Endocrinoloqy Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Investigation of the relationshio betv/een hypercalciuria and
plasma renin activity in man and dog.

Previous Serial Number: part of NHLI-225(c)

Principal Investigator: Meyer, W.J., M.D., and Delea, C.S., B.A.

Other Investigators: Kelly, 6., and Tate, J.

Project Description:

Objectives:

In the isolated juxtaglomerular apparatus of the rat renin release is

greatly affected by varying the concentration of calcium in the media. In the

past we have noted that several patients with calcium disorders with associated
hypercalciuria have increased PRA and decreased serum K. These studies v;ere

undertaken to try to elucidate this relationshio.

Methods Employed:

1) Each patient was admitted for evaluation of hypercalciuria, renal
stones, or other related calcium problems, and was screened for the presence
of hypertension or hypokalemia. If the patient had either of these abnormalities,
his aldosterone secretion rate and plasma renin activities were measured
on a high and low sodium intake.

2) Water diuresis was produced in an anesthetized, hypophysectomized dog
by infusion of 2.5 per cent dextrose. When urine flow was steady from each
ureter, clearance measurements were started. After three control periods were
obtained, a solution of 6 gram/liter calcium chloride at 0.95 cc/min was begun
in the left renal artery. Blood from the peripheral artery, right and left
renal vein was sampled for calcium, and plasma renin activity during the control
periods, and hourly for six hours of calcium infusion. Calcium, inulin and
clearances and PRA were measured throughout the entire experiment.

Major Findings:

1) Three patients have been found with calcium disorders and primary
hyperaldosteronism. Six patients have hypercalciuria, high plasma renin
activity and high aldosterone secretion rates. Two of these six patients
have normal blood pressure, mild hypokalemia and angiotensin insensitivity.
Studies on four other patients are pending.
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2) Three dogs have undergone the protocol. The analysis of the plasma

renin activities are not completed.

Publications:

1. Meyer, W.J., Middler, S.A., Delea, C.S., and Bartter, F.C.:

Hypercalciuria and increased plasma renin activity. In Assaykeen, T.A. (Ed.)

Control of Renin Secretion, 1971.
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Serial No. NHLI-292(c)
1. Endocrinology Brancn
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Renort

July 1, 1971 through June 30, 1972

Project Title: The effect of calcium infusions on oost-menonausal osteoporosis.

Previous Serial Number: None

Principal Investigator: E. Alving, M.D. and F.C. Bartter, M.D.

Other Investigators: None

Project Description:

Objectives:

The cause and treatment of the type of osteoporosis v^hich occurs commonly
after the menopause have not been established, although we nave theorized triat

tne disease may be caused or mediated by an imbalance of parathyroid hormone
(PTH) and/or thyrocalcitonin (TCT). In this study calcium infusions are

used to raise serum calcium to a level high enough to affect the secretion of
these hormones for a few hours each day.

Methods

:

Patients are hospitalized on a metabolic ward for balance study of twelve
days each of control, infusion, and post-infusion control. The calcium and
phosphate balance and excretion of nydroxyproline, and cyclic AMP are obtained.
Calcium by i . v. infusion is given in a standardized way to raise serum cal-
cium level above 12 mg% by the end of the infusion. The usual dose is 15mg/Kg
body weight. The patients are studied before the balance study to exclude
other known causes of osteoporosis. Calcium absorption is tested with Ca-47
tracer.

Major Findings:

Two patients have been studied thus far. One had a full course of in-
fusions and showed a significant drop in urinary calcium levels in the post-
infusion period. The other develooed prolonged hypercalcemia and infusions had
to be discontinued. Neither of the patients had a dramatic change in her
symptoms, as has been reported by some investigators.

After the oalance study above, the effect of a vibrating bed on calcium
excretion was tested. Some symptimatic improvement was experienced by one
patient, but no change in calcium excretion was noted.
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Because of the hypercalcemia in one patient, we are trying to develop a
^

calciim tolerance test which will predict patient response to calcium load,

and perhaps add to our knowledge of the etiology of osteoporosis. This con-

sists of giving a standard calcium infusion and measuring serum calcium levels

at hourly intervals during and after infusion. Results so far reveal a marked

variation in this test from patient to patient.

Publications:

None.
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Serial No. NHLI-293(c)
1. Endocrinology Brancn
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Evaluation of secondary hyoothyroidism vn'th synthetic t.iyro-

tropin releasing factor (TRF).

Previous Serial Number: NHLI-224(c)

Principal Investigators: Meyer, W.J., M.D., and Bartter, F.C., M.D.

Other Investigators: Smith, H.

Cooperating Units: Guillemin, R., H.D., Salk Institute, San Diego, California.

Project Description:

Objectives:

Synthetic TRF has been shown to release TSH from the anterior pituitary
in normal human beings. In those patients v/ith secondary hypothyroidism,
patients witn nypotnyroidism and TSH-responsive thyroid glands, TRF may be a

useful tool to further the understanding of their disease and possibly to

their disease.

Methods Employed:

Patients with secondary hyoothyroidism are admitted to the Clinical Center
three weeks after stooping exogenous thyroid medication. The patients are

given intravenously 0.75 mg of synthetic TRF made by Dr. Roger Guillemin and

Dr. Roger Burgus. RAI uptake is measured the week before receiving the TRF

and the day after. PBI and thyroxine levels are measured the day before and

for two days after receiving TRF. At the time TRF is given, plasma TSH is

measured at the following times: control, zero time, 10 min., 20 min., 30

min., 40 min., 60 min., 90 min., and 120 min. TSH values are determined by

radioimmunoassay. Normal volunteers have also been given TRF in order to

establish a basis of comparison for the patients.

Major Findings:

Sixteen oatients with hypothyroidism or hypopituitarism (one twice) and

seven normal (one twice) have now received TRF. There have been no side effects
noted except a previously reported transient nausea period immediately after
receiving TRF in about 50% of tiie subjects. The followinq data are now avail-

able:
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RAI

24 hr. thyroxine Baseline Peak Peak

Patient Diagnosis bef. ,aft. bef. , aft. TSH uU/ml TSH Time min

B.C. Nonnal — 3.8, 4.0 18 46 20

G.P. Normal — 3.9 4.4 25 50.0 30

J.S. Normal — 3.1 4.0 13 60 40

R.W. Normal 3.4 4.3 22 37 30

R.W. Normal 3.8, 4.1 18 31 30

V.S. Normal 3.3 4.2 36 110 20

L.M. Hypothalamic 7.5, 6.1 2.9 2.8 100 320 30

N.S. Hypothyroid 7.1,15.2 1.8 2.4 56 91 20

CM. Hypopituitary6.0, 7.5 4.0 3.3 33 125 40

S.Z. Myxedema 9.5,12.2 1.9 1.9 132 197 20

S.Z. Myxedema — 1.3 1.1 135 310 30

E.B. HypopituitaryO.8, 0.0 1.4 1.1 18 27 20

K.U. (Pseudohypo-21.4,19.6 2.4 2.3 50 108 30

E.M. parathyroid)29.9,23.0 2.5 2.2 58 180 10

J.L. Hypopituitary2.7, 4.2 2.4 4.3 20 120 40

J.B. Low T-4 13.9, - 2.1 1.1 5 14 10

H.J. Scleroderma 5.9, 7.8 2.0 2.4 13 32 30

J.M. Hypopi tui tary 13, 16 2.4 2.6

L.F. Normal — 3.8 , 4.0

R.A. Normal — 4.1 , 4.2

M.I. Hypothyroid 0.07, 2.0 , 1.9

S.G. Hypopi tui tary
A.M. Hypopi tui tary
J.S. Hypopi tui tary
N.B. Acromegaly
K.U. 50ug
K.U. 750ug
S.K. Diabetes Insipidus
C.S. Hypopituitarism
R.F. Growth Hormone Deficiency

M.T. Normal

D.W. Normal

Synthetic TRF response followed by plasma TSH seems to be a good method

of gathering further information about the etiology of secondary hypothyroidism

Publications:

1. Meyer, W.J., Smith, H., and Bartter, F.C.: The use of pure synthetic
thyrotropin releasing factor (TRF) in secondary hypothyroidism. Abstract
presented at the Endocrine Society Meeting, June, 1971.
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Serial I'lo. NHLI-294(c)

1. Endocrinoloo/ Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 tnrough June 30, 1972

Project Title: Studies on the control of calcium absorption: Effect of

sodium chloride loading and depletion.

Previous Serial Number: NHLI-223(c)

Principal Investigators: Meyer, W.J., M.D., Transbol , I., M.D., and Iliddler,

5., M.D.

Project Description:

Objectives:

The study was designed to determine the effect of salt loading and salt

depletion on urinary and serum calcium, phosphorus, and magnesium and tne

gastrointestinal absorption of calcium.

Methods Employed:

iJormal volunteers and patients being evaluated for primary aldosteronism
are admitted to the Clinical Center and placed on a strict metabolic balance

of sodium, potassium, calcium, phosphorus and magnesium. The total calcium
intake for each day of the study is 800 mg. Tvra sodium intakes for 12 days

eacn v/ere utilized; 249 mEq and 9 mEq. Blood, urine and stool are analyzed
for calcium, phosphorus, magnesium, sodium and potassium. Calcium absorption
from tne gastrointestinal tract is determined by arm counting after the admini-

stration of an oral dose of radioactive calcium.

Major Findings:

Preliminary results on 9 patients and 2 normals are available. Tiie table

shows the averaae calcium excretion for the last four days on eacn salt intake

and tiie calcium absorption for eacti salt intake.
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9 mEq diet 240 mEq Diet

24 hr. urine 24 hr. urine

Patient Diagnosis Ca mg. % abs. Ca mg. % at

G.P. Normal 82 39 168 48

R.W. Normal 36 31 64 30

J.K. Periodic par. 105 43 131 50

D.B. Nephrocal

.

114 37 321 44

E.M. Hypertension 141 38 120 52

S.Z. Hypokalemia
Myxedema

54 40 42 43

s.z. treated-Myxedema 64 41 70 41

J.E. J.G. Hyper. 52 43 42 54

U.G. Hyooparathy. 323 57 355 68

M.G. Primary aldo. — 45 — 58

J.M. Hypoparathy. 279 32 300 46

109 mEq diet
24 hr. urine

Ca mg. % abs.

J.M. Hypoparathy. 200 39

In the eight studies where balance data are now complete there is no

effect on calcium balance.

Publications:

None.
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Serial No. ^thtt-295(c)
1. Endocrinology Branch

Bethesda, Maryland
2.

3.

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Evaluation of the calcium absorption of calcium-glucose 6-PO4.

Previous Serial Number: None

Principal Investigators: Meyer, W.J., M.D., and Bartter, F.C., M.D.

Cooperating Units: Pellegrini, R. , Societa Proclotte Antibodies, Hilano,

Italy.

Project Description:

Objectives:

Ca"*"*" glucose 6-PO4 is one of the proposed forms in which Ca"*"*" may be

transported across the intestinal lining. Therefore, calcium in that form
might be better absorbed than calcium chloride.

Methods Employed:

Ca^7 absorption tests were done with the calcium glucose 6-PO4 and with
calcium chloride on four normal volunteers on a metabolic diet with 109 mEq
sodium and 600 mg calcium.

Major Findings:

The following table demonstrates that calcium glucose 6-PO4 is definitely
not better absorbed than calcium chloride and probably not as well absorbed.

% Calcium Absorption

Normal

M.T.

Normal

J.L.

K.B.

Publications

None.

Ca glucose 6-PO4
with Ca3(P0^)2

19.2
32.0

Pure Ca glucose 6-PO4

21

32

CaCl2

41

28

CaCl2

18

49
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Serial No. NHLI-296(c)
1. Endocrinology Branch

2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The use of Md estradiol in the inhibition of the effect of

D-Penici 11 amine on collagen solubility in skin.

Previous Serial Number: NHLI-228(c)

Principal Investigators: Meyer, W.J., M.D., Pak, C.Y.C., M.D., and Bartter,

F.C., M.D.

Cooperating Units: Henneman, D. , M.D. Ortho Research Laboratories, Raritan

N.J.

Project Description:

Objectives:

D-penici 11 amine is known to reduce the tensile strength of skin and in-

crease its neutral and salt-soluble collagen. In the rat osteoporosis and bone

deformities occur if large doses of penicillamine are administered. Patients

with cystinuria are one group of patients who must have D-penici 11 amine in

order to stay symptom-free, and many of these patients also have demonstrable

side effects of penicillamine in their skin. 17«<estradiol has been shown in

rats to protect against the penicillamine-induced skin and bone abnormalities

without showing any effect on the menstrual cycle. Therefore this particular

estrogen was selected for trials in human beings, male and female, taking

penicillamine for treatment of cystinuria with demonstrable skin collagen

changes noted on biopsy.

Methods Employed:

Patients taking D-Penici 11 amine for cystinuria are admitted to the Clinical

Center for a period of two months. They are placed on a strict metabolic

balance of sodium, potassium, calcium, phosphorus, and magnesium. In addition

to the above, urinary cyclic AMP, free and total hydroxyproline, creatinine

excretion, and protein are also followed daily. The hospitalization is divided

into three periods: twelve day control, twenty days of 10-15 mg/kg/day
subcutaneous 17e(estradiol , twelve days post drug. During each period the

following are checked at least once: clotting factors, serum copper, cerulo-

plasmin, plasma parathyroid hormone, thyrocalcitonin, renin activity and

substrate, serum insulin, serum growth hormone, thyroid binding globulin with

thyroxine, plasma Cortisol, testosterone binding protein, ucff test for

capillary fragility and skin content of soluble collagen. With the above tests

the spectrum of estrogen-like effect of 1 7 c( estradiol can be evaluated as well
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as its inhibition of the deleterious action of D-Penici 11 amine on skin. After
the initial three patient studies were completed, four patients were treated
for 6 weeks as out-patients.

Major Findings:

The 17^ estradiol in the dosage used here has no effect on clotting
studies, liver enzymes, growth hormone, insulin, testosterone binding protein,
thyroxine binding protein, plasma Cortisol, 17-hydroxycorticosteroids excretion,
copper, ceruloplasmin, cholesterol, and tryglycerides. The balance studies of
Ca''"'", PO4", Mg"*""^, Na"*" and K were also uneffected. However, the skin biopsies
did show a marked increase in protine beta hydroxylase (PBH). The changes in

collagen content and type are less consistent.

Publications:

1. Henneman, D. , Meyer, W.J., Keiser, H. , and Bartter, F.C.: Separation
of uterotropic activity from effects in collagen metabolism in man and rodents
with estradiol-17 (E-17). Abstract, accepted for presentation at the Endocrine
Society Meeting, June 1972.
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Serial No. NHLI-297(c)
1 . Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The effect of triamterine on the aldosterone renin system.

Previous Serial Number: None

Principal Investigator: Meyer, W.J., M.D., and Bartter, F.C., M.D.

Project Description:

Objectives:

Most patients with Bartter's syndrome must take triamterine in addition
to supplemental potassium to maintain their serum potassium in the normal

range. Some of the studies relating to their aldosterone renin system have
been done while they were taking triamterine. Since the effect of triamterine
on the aldosterone-renin system is unknown, there is no basis for comparison
for these measurements in the patients with Bartter's syndrome. Therefore,
this study was undertaken.

Methods Employed:

Three normal volunteers were placed on a 250 mEq sodium intake. After
ten days the aldosterone secretion rate and supine and upright plasma renin
activity were measured. Then triamterine 100 mg bid was given for ten days
while the patient continued to eat the same diet. On the tenth day the
aldosterone secretion rates, supine and upright plasma renin activity were
remeasured.

Major Findings:

The triamterine had no demonstratable effect on sodium balance. The
following aldosterone and renin values are now available:

240 mEq Na* 240 mEq Na"*" with 200 mg triamterine
Renin Renin

Patient ASR supine upright ASR supine upright
M.T. < 1.0 < 1.0 1.2 1.7
R.A. < 1.0 < 1.0 < 1.0 < 1.0
J.F. <1.0 1.5 <1.0 <}.Q

Publications:

None.
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Serial No. NHLI-298(c)
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Growth hormone and calcium absorption.

Previous Serial Number: None

Principal Investigator: Meyer, W.J., M.D.

Cooperating Units: National Pituitary Agency, Baltimore, Md.

Project Description:

Objectives:

Growth hormone has a known effect on calcium metabolism. In children
it is important for bone growth and maturation. Adults with acromegaly
have hypercalciuria. The calcium-47 absorption test may be an excellent way
of following the effect of growth hormone on calcium absorption.

Methods Employed:

Growth hormone-deficient children were admitted to the Clinical Center
and place on a 109 mEq sodium, 600 mg calcium metabolic diet. Their calcium-47
absorption tests and Ca and P04 balances were done while receiving growth
hormone 1 mg intramuscularly each day and after being off growth hormone for
one month. To date three children have begun the study.

Major Findings:

None of the children have completed the study. Therefore, there is no

data available at this time.

Publications:

None.
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Serial No. NHLI-299(c)
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1. 1971 through June 30, 1972

Project Title: Pathophysiologic studies in blood pressure.

Previous Serial Number: NHLI-225(c)

Principal Investigators: Meyer, W.J., M.D., Bartter, F.C., M.D., and

Delea, C.S., B.A.

Project Description:

Objecti ves

:

(1) To define the roles of the adrenal steroids and of the renin-angio-

tensin system in the etiology of hypertension and hypotension.

(2) To demonstrate the presence or absence of circadian rhythms in

patients with hypertension and to attempt to establish causal relationships

among the variables measured.

(3) To continue to investigate the role of the adrenal steroids in patients

with Bartter' s syndrome (juxtaglomerular hyperplasia, hypokalemia, hyperaldo-

steronism with normal blood pressure and with pseudo-Bartter's syndrome

(laxative or diuretic included).

Methods Employed:

Fourteen patients with hypokalemia and/or hypertension were studied on

two different sodium diets. Blood pressure, serum K, ASR and PRA were measured.

In the circadian study, blood pressure, mood changes, salivary Na, K and

steroids, ASR, PRA, urinary Na, K, CI, Ca, P, 17-OHCS, 17-KS, aldosterone,
catechols, dopamine, and beta hydrolylase were measured every four hours.

Major Findings:

1) Patients with hypertension and/or hypokalemia were studied to evaluate

the role of the adrenal steroids and the renin-angiotensin systems in the

etiology of their hypertension.

Proposed Course of Study:

1. To continue to screen patients diagnostically for primary aldosteron-
ism.

2. To measure blood pressure every 10 minutes for 48-72 hours and subject
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it to cosinor analysis for period, phase and amplitude.

3. To have patients perform self-measurements of blood pressure at
frequent hourly intervals at home for long periods of time, e.g., 5 months.

4. To establish the best times of day for medication to control blood
pressure in the light of circadian blood pressure measurements.

Major Findings:

2) The circadian aspects of blood pressure are beinq studied in normal
subjects and in patients with hypertension, on and off medication. All

multiple daily blood pressure measurements are being subjected to computer
analysis. Preliminary data support the concent that there is a circadian
rhythm in the blood pressure of all patients with hypertension. The individual
circadian rhythms vary greatly between patients. To further clarify this
concept, all new patients with hypertension are attached to a non-invasive
blood pressure measuring instrument which records blood nressure e^ery ten
minutes for a period of 48 to 72 hours. These data, and self-measurement
data taken at home at frequent intervals are beinq analyzed for periodic
parameters, to wit, phase, amplitude and period.

Ten different patients are presently taking their blood pressure at home
several times a day. Six of these who are on one or tv/o medications, are
changing the timing of the medication every three weeks in order to maximize
the benefits from the medication. Tv;o generalizations can be made on tiie

hours of these preliminary results: Spironolactone and diuril give the same
quality of blood pressure control when they are given as one dose a day
compared to divided doses throughout the day. In fact, the total amount of
drug can probably be reduced. The data concerning the optimization of the
time of day are not complete enough to make a statement about at this time.

Proposed Course of Study:

More controlled studies are definitely needed to define the importance
of time in the administration of medication.

Major Findings:

3) Three patients with pseudo-Bartter's syndrome have been studied during
the past year. The results of these studies are pending.

Proposed Course of Study:

Patients with oseudo-Bartter's syndrome usually have significant psychiatric
illness. We have elicited the helo of Dr. Greenberg in further evaluating the
psychiatric condition of these patients.
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Publications:

1. Bartter, F.C., Bravo, E.L., and Delea, C.S.: The role of steroids in

hypertension. In James, V.H.T. (Ed.): Proceedings of the Third International

Congress in Hormonal Steroids, Sept. 7-12, 1970. Amsterdam, Excerpta Medica

Foundation, 1971.

2. Meyer, W.J., Delea, C.S., Levine, H. , Halberg, P., Bartter, F.C.:

A study of periodicity in a patient with hypertension: relations of

blood pressure, hormones and electrolytes. Proceedings of the Second Inter-

national Congress on Biological Rhythms, 1971, in press.

3. Bartter, F.C., Meyer, W.J., Levine, H. , and Delea, C.S.: Circadian

aspects of hormone and electrolyte metabolism in hypertension. In Genest, J.

(Ed.): Proceedings of the Symposium on Hypertension, Mont Gabriel, Quebec,

1971 , in press.
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Serial No. NHLI-300(c)
1. Endocrinol oay Brancii

2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The circadian urinary excretion of ketosteroids in patients
with the adrenogenital syndrome.

Previous Serial Number: NHLI-230(c)

Principal Investigators: Meyer, W.J., H.D., and Bartter, F.C., M.D.

Other Investigators: Diller, E.

Project Description:

Objectives:

Because patients with the adrenogenital syndrome produce inadequate
amounts of Cortisol, they produce large amounts of ACTH and ketosteroids.
This study is designed to determine if there is a circadian variation of
ketosteroids in these patients and what the ciiaracteri sties of that variation
are with and without therapy.

Methods Employed:

Patients with both salt-losing and non-salt-losing virilizing adrenal
hyperplasia are admitted one month after their last DOC nival ate injection
to the Clinical Center. The patients begin a fluid intake in excess of 2000
cc/m2/day divided equally into four-nour periods. Vital signs are taken every
four hours. During four days while they are still taking Cortisol replacement
and during one week without replacement, they collect urines in four hour
periods. Tne patients are then restarted on therapy and discharged. Tne urines
are analyzed for ketosteroids by the modified Zimmerman method.

Major Findings:

Nine patients have completed the above protocol. Five of the patients have
the salt-losing form of the syndrome. The 17-ketosteroids and 17-hydroxycorti-
costeroids show a normal circadian pattern except that the level of the keto-
steroids is elevated and that of the 17-hydroxycorticosteroids is \/ery low.

Publications:

1. Meyer, W.J., Diller, E.C. and Bartter, F.C.: The circadian periodicity
of urinary 17-ketosteroids in congenital adrenal hyperplasia. Abstract,
accepted for oresentation at the Endocrine Society Meetinn, June 1972.
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Serial No. NHLI-301
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1. 1971 through June 30, 1972

Project Title: The effect of prostaglandins upon Cortisol and aldosterone
secretion of hypophysectomized-nephrectomized dogs.

Previous Serial Number: NHLI-226

Principal Investigator: Meyer, W.J., M.D., and Bartter, F.C., M.D.

Other Investigators: Kelly, G., and Tate, J.

Project Description:

Objectives:

The importance of prostaglandins in the function of the adrenal cortex is

unknown. Shaw and Ramwell have shown that they are released from the adrenal
gland upon stimulation with ACTH. Flack, working in the same laboratory, has

shown that PGEi , PGE2, and PGF2 increase steroidogenesis in the continuous

superfusion of the rat adrenal, but Funder demonstrated variable effects on

sheep. The purpose of this study is to try to further clarify the role of
prostaglandins in adrenal cortical function.

Methods Employed:

Normal adult male mongrel dogs, weighing between 20 and 30 kilograms, are
anesthetized by intravenous administration of sodium pentobarbital. The hypo-
physis is removed by the transbuccal approach. Then both kidneys are removed
and the adrenals are prepared for perfusion by the technique of Hilton et al.
Donor hypophysectomized-nephrectomized dogs were bled from the femoral artery
before the day of the above preparation. The blood is used to support blood
pressure and is given at least volume for volume of that lost. When necessary,
norepinephrine is also used to support blood pressure. Thirty minutes after
the preparation is completed and the blood pressure is stable, infusion of
saline is begun into the arterial side of the preparation of 0.573 cc/min. The
entire venous output of the adrenal pouch is collected. The saline is run for
three five-minute consecutive periods; then a solution containing a thirty
micromolar solution of a prostaglandin in saline is substituted. The prosta- '

glandin-containing solution is chosen to produce an adrenal arterial concentra-
tion between one and two micromolar prostaglandin. The blood flow rate through
the glands usually runs between five and fifteen ml/min. depending on the indi-
vidual preparation. The flow rate can be held within one or two ml/min. for
each preparation. The prostaglandin is infused for twelve consecutive five-
minute periods or one hour. Toward the end of the experiment the entire venous.

too



flow is obstructed and an arterial samples is taken directly from the adrenal

pouch to determine the actual prostaglandin concentration. The adrenal venous
blood will be analyzed for Cortisol by the Porter-Silber method and aldosterone
by the radioimmunoassay. All of the prostaglandin will be tested twice in

this preparation.

Major Findings:

To date the following prostaglandins have been used in the preparati

PGEi , PGEg. PGA^, PCI^, PGF2Ct, and PGF2.

on

The analysis of the Cortisol adrenal vein concentration and secretion
rates with all prostaglandins tested show no effect. The analyses of the

adrenal vein aldosteron concentration and secretion rate has not been completed.

Publications:

None.
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Serial No. NHLI- 302(c)

1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Family study of Cystinuria

Previous Serial Number: None

Principal Investigator: Meyer, W.J., M.D.

Other Investigators: Cox, J., and Oilier, E.

Project Description:

Objectives:

In June, 1971, a thirteen-year-old girl with cystinuria and multiple
renal stones was admitted to the Clinical Center of the NIH. She related
no family history of cystinuria or renal stones. In spite of this, a screen
urine of the immediate family revealed that the urine of her asymptomatic
father contained as much cystine as hers did. In order to obtain more
information about the relationship between cystinuria and renal stones in this

family, an extensive (100 member) family survey was begun.

Methods Employed:

Each living blood relative of the patient was contacted and requested to

return a sample of a 24-hour urine for analysis for amino acid content.

Major Findings:

The following information is at present available on the family members:
Amount Cystine (mg/day)

Patient 281

Mother 18
Father 295
Sister 37

The urines of patient's father, mother, and of three of his seven brothers
and sisters are qualitatively positive for cystine. Further amino acid analysis
have not been completed.

Publications:

None.
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Serial No. NHLI-303(c)
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies in the angiotensin responsiveness of patients v;ith

Bartter's syndrome.

Previous Serial Number: None

Principal Investigators: Meyer, W.J., M.D., and Bartter, F.C. , M.D.

Project Description:

Objectives:

Patients with Bartter's syndrome have normal blood pressure in spite of

having extremely high plasma renin activity and aldosterone secretion rates.

The amount of angiotensin needed to raise the diastolic BP 20 mmHG above the

baseline values in these patients in several fold greater than that required

for the normal person. The etiology of this insensitivity to angiotensin is

not understood. There are tv/o current theories: 1) there is an intrinsic
abnormality in the blood vessel, 2) the blood vessel is exposed to such

continuously high amounts of angiotensin that it has developed tachyphylaxis.

Methods Employed:

One way of separating these two possibilities is to lower the circulating
amounts of angiotensin II as measured by plasma renin activity and then to

repeat the angiotensin infusion. We have lowered the plasma renin activity
by two methods: 1) an eight-hour infusion of norepinephrine at a dose that
raised the diastolic blood pressure at least 20 mmHg and 2) a 1-1/2-hour
infusion of three liters of normal saline.

Major Findings:

To date neither of these methods has changed the response to angiotensin
infusions. The following data are now available:
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Amount of Angiotensin Required to Raise the BP 20mmHg
Patient ng/kg/min

control after 8hr norepinephrine 3 L saline

C.J. 28.2 28.2 28.2
M.A. 85.0 36.4 85.0
M.J. 26.8 26.8
J.E. 17 44

Publications:

None.
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Serial No. NHLI-304(c)
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The relationship between ACTH and the angiotensin system.

Previous Serial Number: None

Principal Investigator: Meyer, W.J., M.D., and Bartter, F.C., M.D.

Project Description:

Objectives:

When ACTH is given daily over four days there is an initial rise in the

aldosterone excretion rate followed by a fall below the initial value. This

phenomenon occurs even on a very low sodium diet and therefore can not be

related to increase sodium retention and subsequent volume expansion. The
present study was begun to discover the role of renin in this situation.

Methods Employed:

On a metabolic 9 mEq sodium diet, normal volunteers have been given daily
for four days 40 units of ACTH intravenously over 8 hours. The aldosterone
excretion rate, serum sodium, potassium, chloride, and bicarbonate, and plasma
renin activity have been followed before, during and for four days after the
ACTH infusion.

Major Findings:

To date seven normals have completed the protocol. Preliminary results
on the first two shows that there is an initial rise in the supine plasma
renin on the morning of the 2nd day of infusion followed by a significant
fall below the control level by the morning of the 4th day of infusion. The
renin values correlate very well with the exoected aldosterone excretion
changes. Perhaps the aldosterone excretion pattern can be explained by a

direct effect of ACTH on renin.

PRA (ng/ml/hr)
During ACTH Post-control

Patient Control 1st 2nd 3rd 4th 1st 2nd 4th

A.S. 2.0 3.1 0.5 0.7 2.5 1.5 1.0 2.0

M.S. 1.5 1.0 2.1 0.5 3.5 1.5 0.5 2.0

Publications:

None.
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Serial No. NHLI-305(c)
1 . Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: The efficacy of calcium infusions in the treatment of vitamin
D resistant rickets.

Previous Serial Number: None

Principal Investigator: Meyer, W.J., M.D., and Pak, C.Y.C., M.D.

Project Description:

Objecti ves

:

Vitamin D resistant rickets is characterized by a low serum phosphorus.
Some of these patients have demonstratable hyperactivity of parathyroid
hormone and a rise in serum phosphorus with parathyroidecton\y. Since calcium
infusions have been shown in some cases of osteoporosis to reverse calcium
balance and suppress parathyroid activity level over a prolonged period of time,

calcium infusions may be of some benefit to patients with this disorder.

Methods Employed:

Patients with vitamin D resistant rickets are admitted to the hospital
for a two-month stay. They are begun on a 800 mg calcium and 109 mEq sodium
metabolic diet. After a 12 day control period, calcium infusions (15 mg per
kilogram) over 4 hours are given daily for 12 consecutive days. Then the

calcium and phosphorus balance is followed for an additional 16-day balance
period. Urines are also analyzed for creatinine clearance, hydroxyproline
and cyclic AMP. Serum values of calcium, phosphorus and alkaline phosphatase
are followed throughout.

Major Findings:

Two patients with X linked vitamin D resistant rickets have completed
the study. The calcium-phosphorus balance data, urinary hydroxyproline and
cyclic AMP have not been completed. The serum phosphorus showed a rise during
the 12-day period of infusions but this rise did not persist. Presently a

patient with autosomal -dominant vitamin D resistant rickets is undergoing
study.

Publications:

None.
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Serial Ho. NHLI-306
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-IMIH

Individual Project Report
July 1, 1971 through June 30, 1972

Project Title: Renal calcium excretion during metabolic acidosis.

Previous Serial Number: None

Principal Investigators: Hiddler, S.A., M.D., and Bartter, F.C., M.D.

Project Description:

Objectives:

Various forms of metabolic acidosis including keto acidosis, renal

tubular acidosis, and ingestion of acid-ash diets are associated with
iiypercalciuria. The mechanism of this is somewhat obscure and may involve
direct bone dissolution, suppressed parathyroid function and/or a direct
affect of acidosis in the renal tubule.

Methods Employed:

Renal clearances of inulin, calcium, phosphorus, and sodium are measured
in dogs during acute and chronic alteration of acid-base status. After
preliminary studies, animals v/hich have undergone thyroparathyroidectomy
will be investigated. Also, it is planned to investigate the affect of
acute alteration in pH of the blood perfusing an in vitro kidney without
altering the systemic acid-base status.

Major Findings:

The blood values in normal dogs and dogs with chronic metabolic
acidosis are given in Table I.
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Table I.

Filtered^^

pH HCO3 PCO2 Sca UFc3
"'^Kca ^In ^Cln'^U^Ca)

mM/l mmHg mg/ 100ml ml /mi n |jg/mi n

Normal 7.384
+.008

22.6
+.58

38.0
+1.28

9.59 6.89
+.24 +.15

.720

+.014
58.8
+3.2

4030
+176

Chronic 7.291*
Acidosis +.010
(NH4CI fed)

16.7*
+.44

33.5*
+1.4

9.78 7.13*
+.16 +.14

.729

+.012
66.9*
+4.8

' 4737*
+280

Acute 7.214*
Acidosis +.002
(HCl infusion)

14.5*
+.46

35.7*
+1.2

8.80* 7.22*
+0.20 +0.158

.820*

+.008
50.5*

+4.2

' 3631*
+296

Values are means + SEM *P<.05 from "normals"

NH4CI feeding was associated with a lower serum HCO3, pH and PCO2 > a higher

ultrafilterable serum calcium, and a raised inulin clearance. Thus the

filtered load of Ca was increased. The per cent filterability of calcium
was unchanged.

There as a significant correlation between C^a and C^g in normal dogs

(CQa = 1.02 Cj^g + 0.22, r = 0.891). The correlation did not change during

chronic acidosis (r = 0.764), nor did the slope of the regression line

(Cca " 1'^^ ^^a
"*" l'^'')* However, for any given level of sodium clearance,

calcium clearances were higher during chronic acidosis.

Acute metabolic acidosis was studied during intravenous HCl adminis-
tration. Blood values are given in Table 1. Again C^g and C^- were highly
correlated (r = 0.967). However, the slope of the regression line (C^a =

1.88 Cf^a
" O'lO) was significantly greater (P .001) than during normal

acid-base status.

In some individual experiments it was noted that during acute metabolic
acidosis, calcium clearances increased despite a fall in filtered load and

a fall in sodium clearance. This suggests an acute reduction in tubular
calcium reabsorption - the mechanism of which is under investigation.

Publications:

None.
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Serial No. NHLI-307
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the effect of prostaglandins E-] , A-,, and F^ alPha
on the pattern of electrolyte and water excretion, urTnary
cyclic AMP excretion, and renal hemodynamics in the dog.

Previous Serial Number: None

Principal Investigators: Gross, J.B., M.D., and Bartter, F.C., fl.D.

Other Investigators: Kelly, G., and Tate, J.

Cooperating Units: Hurad, F. , M.D., University of Virginia, Charlottesville.

Project Description:

Objectives:

To determine the effects of the various classes of prostaglandins on tne
pattern of water and electrolyte excretion by the kidney under conditions of
water loading and water restriction, and to determine the effect of these
agents on the urinary excretion of cyclic AMP in an attempt to further
elucidate the mechanism of action of the prostaglandins on the kidney.

Methods Employed:

Twenty-two female dogs were treated under two different protocols of
water loading and water restriction plus vasopressin administration intra-
venously. Prostaglandins E, , A,, Fp aloha were infused into the left renal

artery at a rate of 2 micrograms ner minute. Plasma and urinary sodium,
potassium, osmolality, PAH and inulin determinations were made. Bilateral
clearances were determined from differential urine collections.

Major Findings:

PGE^ and PGA, both produced increases in sodium excretion with less
marked and less consistent changes in potassium excretion, an increase in

urine volume and free water clearance during water loading, a decrease in

urine osmolality and tubular reabsorption of water (T HpO) during v;ater

restriction and vasopressin infusion, an increase in renal olasma flow and a

decrease in the percentage of PAH extraction. Glomerular filtration rate
was unchanged.

PGFp alpha produced small and inconsistent changes, none of v/hich were
statistically significant. Urinary excretion of cyclic AMP was unchanged.
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During water loading, the relationship between urine flow rate and free water

clearance was not altered by drug administration, suggesting that the increase

in urine volume and sodium excretion occurred as a result of a decrease in the

reabsprption of filtrate by the proximal tubule. The fall in urine osmolality

and T water are best explained on the basis of washout of medullary papillary

tonicity attending the rise in renal plasma flow, although a direct antagonism

of vasopressin cannot be ruled out. All of the above results are most com-

patible with the interpretation that the changes produced by these agents are

a result of the renal vasodilatation and accompanying changes in renal hemo-

dynamics observed in these experiments.

Publications:

1. Gross, J. B., and Bartter, F.C.: Effects of Prostaglandins E, , A,,

and Fp alpha on the pattern of electrolyte and water excretion, urinary cyclic

AMP excretion, and renal hemodynamics in the dog (submitted for publication).
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Serial No. NHLI-308(c)
1. Endocrinology Branch
2.

3. Bethesda, Maryland

Project Title;

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Studies on the control of sodium excretion,
of albumin metabolism as a cause of edema.

I. Abnormalities

Previous Serial Number: None

Pri nci pal Investi gators

:

Gill, Jr., J.R., M.D.

Bartter, F.C., M.D.
Delea, C.S. , A.B. , and

Cooperating Units: Waldmann, T.H., M.D., Metabolism Branch, NCI

Project Description:

Objectives:

Previous studies of patients with hypoalbuminemia indicated that decreas-
ed synthesis v/as the cause for this defect in three patients and increased
catabolism the cause in eight patients. In addition to the abnormalities in

synthesis and in catabolism, an increased rate of egress of albumin from the

circulation with an increase in the rate of return to it was also noted in a

number of the patients. This increased rate of egress, which was attributed
to an increase in vascular permeability (which was presumed) led to reduction
in plasma volume (which was documented). Additional studies of patients with
hypoalbuminemia have increased the number of patients exhibiting decreased
synthesis as well as increased catabolism so that it has been possible to

analyze the variables, rate of egress, plasma volume and fractional catabolic
rate for possible correlation.

Methods Employed:

Radioactive albumin was injected intravenously to evaluate the various
parameters of albumin metabolism such as synthetic rate, fractional catabolic
rate, plasma volume, total albumin pool and distribution of the total pool

between intravascular and extravascular spaces. Analysis of data in terms of
three compartment model permits determination of the rate of egress of albumin
from the intravascular compartment as well as its rate of return.

Major Findings:

Analysis of the rate of egress of albumin from the vascular compartment
in terms of the plasma volume indicates that patients with normal fractional
catabolic rates have plasma volumes which are as contracted as the plasma
volumes of patients with abnormally rapid fractional catabolic rates. Only
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the patients with abnormally rapid fractional catabolic rates exhibit abnor-

mally rapid rates of egress, however. The data were further analyzed to

determine if there was a significant relationship between the rates of egress

and the fractonal catabolic rates. The results of a univariate linear
regression of fractional catabolic rate on the rate of egress indicate a

correlation between these two variables, significant at P^.Ol. These findings

support the hypothesis that an increased rate of egress of albumin from the

circulation in some way increases the rate of catabolism of albumin and

suggests that the basic defect in the patients with hypercatabolic hypoalbu-

minemia may be an unexplained increase in vascular permeability. The findings

also suggest that changes in plasma volume do not exert an appreciable effect

on the rate of egress of albumin from the circulation.

Publications:

1. Gill, Jr., J.R., Waldmann, T.A. and Bartter, F.C.: Idiopathic Edema.

I. The occurrence of hypoalbuminemia and abnormal albumin metabolism in women

with unexplained edema. Amer. J. Med . 52: 444-451, 1972.

2. Gill, Jr., J.R., Cox, J., Delea, C.S. and Bartter, F.C.: Idiopathic
Edema. II. Pathogenesis of edema in patients with hypoalbuminemia.
Amer. J. Med. 52: 452-456, 1972.
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Serial No. NHLI-309
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on the control of renal sodium excretion. II. The

role of adrenergic receptors and cyclic nucleotides.

Previous Serial Number: NHLI-236

Principal Investigator: Gill, Jr., J.R., M.D.

Other Investigators: Kelly, G. , Tate, J. and Cox, J.

Project Description:

Objectives:

Previous studies from this laboratory have provided evidence that renal

alpha adrenergic stimulation increases the proximal tubular reabsorption of
sodium, but does not appear to affect sodium reabsorption in more distal areas
of the nephron. As this increase in sodium reabsorption did not appear to be

explained by changes in renal hemodynamics, it was presumed to occur through
direct effects on cellular transport processes. A possible mode of cellular
mediation of alpha adrenergic stimulation is the guanyl cyclase system re-

portedly present in the renal cortex. This enzyme system conceivably could
respond to alpha adrenergic stimulation by the generation of intracellular
3' ,5 'cyclic GMP.

In the support of the proposition that cyclic GMP may mediate the

increase in net tubular sodium transport which occurs with renal alpha
adrenergic stimulation are our previous observations, which suggest that
cyclic AMP mediates the decrease in net tubular sodium transport which occurs
with renal beta adrenergic stimulation. To evaluate the above proposition,
the effects of cyclic GMP on renal function were determined, and these effects
compared to those produced by renal alpha adrenergic stimulation.

Methods Employed:

Water diuresis was produced in anesthetized, hypophysectomized, cortisol-
treated dogs by infusion of 2.5 per cent dextrose. When urine flow was steady,
clearance measurements were started. After three control periods were ob-
tained, cyclic GMP 73 pg/kg/min was added to normal saline infused in the left
renal artery at 0.5 ml/min for four periods. Four post-control periods were
obtained after cyclic GMP was stopped. The clearances of inulin and para-
aminohippurate were determined. Changes in urine flow (V) per 100 ml

glomerular filtration rate (GFR) were assumed to represent changes in proximal
tubular sodium reabsorption. Clearance of solute-free water (CHoQ) was taken
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as an index of sodlua reabsorptlon by the diluting segment of the nephron.

Major Findings:

The addition of cyclic GMP to the left renal artery infusate resulted in

a significant (P<.01) decrease in urine flow and in CHgo without a change in

the clearance of inulin or in sodium excretion in that Kidney; urine flow,

Chpq. clearance of inulin (Cjfj) and sodium excretion (UfjaV) did not change

significantly (P>.05) in the right kidney. The results are summarized in

the table below.

Right Kidney

ml/min

V

ml/min/lOOm

CH2O

I GFR

UNaV

^Eq/min

Control 35+2.3 7.0+.6 5.8+.6 10

Cyclic GMP
(LRA)

37+1.7 6.3+.5 5.1+.4 n

Post-control 35+1.9 7.0+.6 5.5+.

4

16

Left Kidney

ClN

ml/min

V

ml/min/lOOm

CH2O

1 GFR

UNaV

fjEq/mi

Control 30+3.1 8.2+.

7

6.9+.

7

12

Cyclic mP
(LRA)

31+2.4 6.5+.

3

5.2+.

3

14

Post-control 31+2.4 6.9+.

5

5.4+.3 17

The data provide indirect evidence that cyclic GMP increased proximal

but not distal tubular reabsorption of sodium. The decrease in CH20 was

similar in magnitude to the decrease in V, specifically the fraction of
delivered sodium reabsorbed in the loop of Henle (CH20/(C|^a "*" ^2^^ ~ '^^^

did not increase with cyclic GMP (.94). Crah and filtration fraction in the

left kidney did not differ significantly from the values obtained for the

right kidney and suggest that the apparent changes in sodium reabsorption with
cyclic GMP were probably the result of direct tubular effects of the nucleotide.
These effects of cyclic GMP on the kidney are qualitatively similar to the
effects of renal alpha adrenergic stimulation and are consistent with the

hypothesis that intracellular cyclic GMP may mediate the effects of renal

alpha adrenergic stimulation on net proximal tubular sodium transport.
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The mechanism by which cellular nucleotides change net tubular transport
of sodium are presently unknown. The possibility that cyclic AMP decreases
proximal tubular sodium reabsorption by inhibition of a Na''"-K'^-ATPase-dependent
sodium pump is currently under investigation.

Publications:

None.
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Serial No. NHLI-310(c)
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies on control of calcium and magnesium excretion:

intestinal absorption and renal excretion of calcium in

metabolic acidosis and alkalosis.

Previous Serial Number: NHLI-237(c)

Principal Investigators: Gill, Jr., J.R., M.D., Transbol , I., M.D.,

Delea, C.S., B.A., and Bartter, F.C., M.D.

Project Description:

Objecti ves

:

Previous studies suggest that systemic alkalosis increases the absorption

of calcium by the gastrointestinal tract and by the renal tubule. Conversely,

systemic acidosis appears to decrease the renal tubular reabsorption of calcium;

it did not change or increase slightly the intestinal absorption of calcium.

It is possible that the increased renal loss of calcium in acidosis stimulated

the release of parathyroid hormone which would tend to stimulate the intestinal

absorption of calcium and so mask an inhibitory effect of acidosis on intes-

tinal calcium absorption. To evaluate this possibility, the effects of systemic

acidosis and alkalosis on calcium absorption were studied in patients with
hypoparathyroi di sm.

Methods Employed:

Acidosis was produced in patients with hypoparathyroidism on a neutral

ash diet by treatment with ammonium chloride. Alkalosis was produced by giving
sodium bicarbonate, 100 mEq per day, as a replacement for dietary sodium
chloride, 100 mEq per day. Calcium absorption from the gastrointestinal tract
was determined by arm Counting after the administration of an oral dose of
radioactive calcium.
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Major Findi ngs:

Regimen
Serum

Bicarbonate
mEq/L

Gastrointestinal
Calcium Absorption

%

Urinary
Calcium
mg/day

Control 28+0 33.5+1.5 1 32+50

Alkalosis 31+1 38.0+1.0 53+14

Acidosis 23+0 28.5+0.5 294+122

The above results in patients with hypoparathyroidism are qualitatively
similar to the results obtained in patients with intact parathyroid glands
with the exception that systemic acidosis decreased the intestinal absorption
of calcium. The findings suggest that acidosis depresses the reabsorption
of calcium by the renal tubule and by the gastrointestinal tract and that in

patients with intact parathyroid glands, calcium loss may stimulate parathy-
roid hormone release and parathyroid hormone may, in turn, antagonize the
effects of acidosis on the intestinal absorption of calcium.

Publications:

None

.
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Serial No. NHLI-311
1 . Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies in calcium and phosphorus metabolism.

IV. Interaction of hormones at the air-water interface.

Previous Serial Number: NHLI-241

Principal Investigators: Kafka, M.S., Ph.D, and Pak, C.Y.C., M.D.

Project Description:

Objectives:

The purpose of this work is to examine molecular interactions between

peptide hormones and model membranes. Our studies of interactions between

hormones and lipid monolayers at the air-water interface, perhaps a model

for hormone action at the outer aspect of the plasma membrane, have been

completed. The effects on Ca2+ adsorption of insulin and insulin analogues,

vasopressin, oxytocin, ACTH, parathyroid hormone, thyrocalcitonin, 3', 5'

- cyclic AMP, and prostaglandin Ei were studied. Then the influence of

insulin, vasopressin, cAMP, and PGE] on the passage of water through the

lipid monolayer was examined.

Now studies of molecular interactions between peptide hormones and

lipid bi layers have been begun. The lipid bi layer, separating two aqueous
compartments, may serve as a model for the manmalian cell plasma membrane
which separates the interstitial fluid from the cell interior.

Methods Employed:

A phospholipid bi layer (bi molecular film, black film, BLM) is formed

in such a manner that it separates two compartments containing buffer,

ions, and a water-soluble permeant substance. A peptide hormone (or

diluent as control) and a tracer quantity of isotopically labeled permeant
substance is added to one compartment and the net flux of the permeant
substance into the second compartment measured by counting aliquots of
that compartment in a Packard Tri-Carb Scintillation Counter. With an

electrode in each aqueous compartment, the permeability of the bi layer
to ions is estimated by measuring the electrical resistance of the bilayer
in response to an applied voltage across it. The effect on the ion per-

meability of the bilayer of a peptide hormone added to one compartment is

measured.
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Major Findings:

Methodological obstacles continue to be encountered and solutions are

being worked on. Preliminary results suggest that insulin may increase the

flux of water through the bi layer.

Proposed Course of Study:

The effect on the ion permeability of the bi layer of a peptide hormone
added to one compartment is measured. The effects of insulin, vasopressin,
and other peptide hormones will be studied.

Publications:

1. Kafka, M.S. and Pak, C.Y.C.: The effect of polypeotide hormones
on lipid monolayers III. The effect of insulin, vasopressin, oxytocin,
albumin, and prostaglandin E] on the specific resistance to the evaporation
of water through monomolecular films of monooctadecyl phosphate, stearic
acid, and stearyl alcohol. In press: J. Colloid Interface Science , 1972.

2. Pak, C.Y.C. and Kafka, U.S.: Polypeptide hormones and lioid
monolayers. J. Polymer Science 34: 53-63, 1971.
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Serial No. NHLI-312(c)
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30. 1972

Project Title: Studies in calcium and phosphorus metabolism. VI. Treatment
of osteoporosis with calcium infusion and thyrocalcitonin.

Previous Serial Number: NHLI-243(c)

Principal Investigators: Middler, S.A., M.D., Pak, C.Y.C., M.D., and Bartter,
F.C., M.D.

Coopering Units: Henneman, D. , M.D., Ortho Research, Raritan, N.J.,

Jowsey, J., M.D., Mayo Clinic, Rochester, Minn., Arnaud,
C, Mayo Clinic, Rochester, Minn., and Murad, F. , M.D.,

University of Virginia, Charlottesville.

Project Description:

Objecti ves

:

Part of this study was discussed in previous project report NHLI-lll(c).
Osteoporosis is a common, disabling disease of bone for which there is, at

present, no generally accepted mode of therapy or theory as to etiology. We

have theorized that some forms of osteoporosis may be due to relatively too

much parathyroid hormone (PTH) and/or too little thyrocalcitonin (TCT). This

study involves the evaluation of calcium infusions and thyrocalcitonin, singly
and combined, as therapeutic modalities in the treatment of osteoporosis, the

data obtained during the course of this treatment should add a great deal of
insight as to the precise etiologies of this disease.

Methods Employed:

Patients to be studied are admitted to the Clinical Center for a period
of 2-3 months. Some are asked to return for several different studies. The
patients undergo calcium and phosphorus balance studies, including an estima-
tion of endogenous fecal calcium by 47Ca tracer techniques, before, during
and after treatment. Treatment consists of 12 days of calcium infusions (15

mg/kg/4 hours), thyrocalcitonin (1-8 MRC unit/ Kg I.M.) or both.

In addition to balance data, hydroxyproline and cyclic AMP excretions (

are measured. The former is an indicator of bone turnover, and the latter
reflects, in part, a renal action of PTH. Bone biopsies are performed for
histologic diagnosis, microradiography and bone cell metabolism. Post-treatment
biopsies are obtained when feasible. Serum has been collected and stored for
PTH assay to be done by Dr. Arnaud.
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Major Findings:

The first 12 patients to receive calciun infusion alone nave been

reported in detail. About one-half responded with an improvement in calcium
balance, which in some cases has lasted as long as 18 months. This was
generally due to an improvement in fractional calcium absorption. Hydroxy-
proline excretion decreased during and after calcium infusions. Bone resorption
area, as measured by microradiography, decreased in 10 patients examined, while
bone formation area increased in 7.

The suppression of phosphorus excretion on the first day of calcium
infusions was less than normal in 9 of these patients. This suggests some

autononiy in parathyroid function. This finding is being reevaluated by

measuring phosphorus excretion in fractionated 12-hour urines. We have found

this to be a more sensitive indication of parathyroid sunpressibility than

24-hour phosphorus excretion.

Calcium and phosphorus balance studies were performed on four patients
with idiopathic osteoporosis and in one with Paget 's disease of bone. Balances
were measured before, during and after 12- to 16-day treatment periods during
which calcium infusions, calcitonin or both were administered. Calcium infu-

sions produced a positive calcium balance during the treatment period, but

only a small improvement was evident after cessation of infusions in this

small group of patients. Calcitonin per se resulted in no improvement in

calcium balance and increased urinary Ca in patients with osteoporosis. The

combination of calcitonin and Ca infusions did not alter the response that was
obtained witn Ca infusion alone. Ca infusions also produced a suopression in

urinary CAMP excretion and hydroxyoroline excretion, which was followed by a

posti-nfusion rebound in urinary CAMP. After Ca infusions urinary Ca and serum
Ca concentration tended to decrease. This suggests that Ca infusions may
decrease the sensitivity of bone to parathyroid hormone, resulting in a slight
reduction in serum Ca concentration and secondary hyperparathyroidism during
the immediate post-infusion period.

Calcitonin alone increased CAMP excretion in one of 2 patients with osteo-
porosis and in the one patient with Paget 's disease. This was probably the
result of a secondary stimulation of parathyroid hormone secretion. When
combined with calcium infusions, calcitonin was associated with a decrease in

CAMP excretion.

Data are presently being collected on the effect of TCT on cyclic AMP
excretion in hypoparathyroidism. If our tlieory of secondary PTH stimulation
is correct, these subjects should show no effect of TCT on urinary cyclic AMP.

Those patients whose CAMP excretion was studied after calcium infusion or
combined TCT and infusion v;ere "non-responders". That is, they were among the
50% of osteoporotic patients who went into a more positive calcium balance with
Ca infusions, but did not have a sustained post-treatment effect. Their cyclic
AMP excretion also quickly rebounded to or above control levels. We are
planning to study "responders" to see if the supnression of CAMP excretion is

sustained in these individuals.

Publications: None



Serial No. NHLI-313{c)

1. Endocrinol oqy Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Studies in calcium and phosphorus metabolism. VIII. Clinical

applications of thyrocalcitonin (TCT).

Previous Serial Number: NHLI-244(c)

Principal Investigators: Middler, S., M.D., Pak, C.Y.C., M.D., and Bartter,
F.C., M.D.

Other Investigators: Delea, C.S. and staff

Cooperating Units: Murad, F. , M.D., University of Virginia, Charlottesville.

Project Description:

Objectives:

Thyrocalcitonin (TCT) is presently being used to treat Paget's disease
of bone, hypercalcemia, and is being evaluated in the treatment of osteoporosis
(see studies in Ca and P metabolism. VI. Treatment of osteoporosis with Ca

infusions and thyrocalcitonin). The mode of action of TCT per se must be

separated from any secondary stimulation of parathyroid hormone which it may
induce.

Methods Employed:

Patients with hypoparathyroidism are given TCT (2 flRC units/mg/d) for
short courses and the gastrointestinal absorption of calcium is determined
by means of an external counting technique. In addition, changes in urinary
calcium, P and cyclic AflP excretion are followed.

Major Findings:

Two patients with hypoparathyroidism have been studied. TCT increased
fractional calcium absorption from 57 to 63% and from 36 to 43%.

Future Studies:

The above series will be extended, but the results suggest that TCT may
augment calcium absorption from the gut independent of any parathyroid function.
This raises the question of whether previous demonstration of augmented Ca
absorption by parathyroid hormone v/as due to TCT stimulation. Patients with
total thyroidectomies will be studied to see if parathyroid extract increases
their Ca absorption.

Publications: None







ANNUAL REPORT OF THE
LABORATORY OF BIOCHEMICAL GENETICS
NATIONAL HEART AND LUNG INSTITUTE
July 1, 1971 through June 30, 1972

Work in the laboratory has focussed on the problem of how information
flows from gene to protein; how information is stored and retrieved in the
nervous system; and how a linear segment of DNA specifies the sequence of

neurons in the neural circuits as they are assembled during differentiation;
in short, the relation between genes and behavior. Virtually nothing is known
at the molecular level about the genetic program for generating different cell
types in the nervous system and the reactions that determine neuron specificity
in forming functional synapses.

A. NEUROBIOLOGY

1. Methods

a. Most of the initial objectives—to establish simple systems and methods
that can be used to study neurobiological problems by means of biochemical and
genetic techniques—have largely been achieved. Two systems, cell culture and
an intact organism, have been established. At the present time we are concen-
trating on the former system and have generated many hundreds of clonal cell
lines with the properties of neurons, glia and other cells associated with the
nervous system. Techniques have been devised for generating in high yield
cell lines with specific defects in neurotransmitter metabolism, receptor-
amplifying mechanisms, steps in electrical activity, axon-dendrite formation,
and so forth.

At the same time genetic studies with intact nematodes were performed, and
approximately 150 mutants have been obtained. Many kinds of behavioral mutants
were found including sensory, coordination, and motor abnormalities as well as

developmental mutants. In short, both systems have yielded lines of cells and
organisms in such abundance and diversity in properties that our major problem
now is analyzing the material at hand. During the past year the proportion of

time spent harvesting rather than sowing has been increasing rapidly. The

clonal cell systems in particular can be used for many types of studies by
investigators in many disciplines.

b. Somatic cell hybrids . Genetic dissection can be used to dissect
aspects of the nervous system with intact animals. Clonal lines of cells de-
rived from the nervous system and maintained iri vitro also allow genetic
manipulations, and provide large quantities of material for elucidating the

biochemical mechanisms underlying neural function. Clones can be used to

assign functions to specific cell types and to study the inheritance and

stability of the differentiated phenotypes while varying the environment. By

fusing cells which differ in the expression of specific genes, it is possible
to explore the mechanisms controlling gene expression while the chromosomal
alterations which occur in hybrid cells generate genetically different cell

lines.
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Although most differentiated functions are extinguished in hybrid cells,
[neuroblastoma x L cell] hybrids are of unusual interest because the hybrids
retain the ability to synthesize electrically active membranes, acetylcholin-
esterase, neurofibrils, and long neurites. In addition, different types of
hybrid clones with defects in gene expression were obtained in high yield (75%)

.

Such methods provide a relatively simple experimental means of generating cell
lines that differ genetically, and may be used to unravel the biochemistry of
neural function. The results also suggest that normal neurons fused with
established cell lines may yield clonal lines of cells expressing various
neural functions, such as synapse formation, and that the corresponding re-
actions may be genetically dissected using the somatic cell hybrid approach.

c. Enzyme assays . Methods were obtained for assaying homogenates of

cultured cells for tyrosine hydroxylase, choline acetyltransferase, glutamate
decarboxylase, acetylcholinesterase, and catechol 0-methyltransferase activi-
ties. The first three enzyme activities are reasonably specific markers that
can be used for studying gene expression in neurons. Activities of the marker
enzymes were assessed with cultures of newborn mouse brain cells, with glial
cells, and with clonal lines of fibroblasts, etc. Low activities of choline
acetyltransferase, acetylcholinesterase, and glutamate decarboxylase were
detected with homogenates of every cell line tested; however, the specific
activity of each enzyme, particularly glutamate decarboxylase, was higher with
cultured brain cells from newborn animals than with non-neuronal cell lines.

d. Cyclic AMP-cyclic GMP assay . A method was devised by Oilman and
Murad for assaying cAMP and cGMP simultaneously.

e. Cell movement assay . Video methods were devised in collaboration
with W. H. Schuette and W. C. Whitehouse for quantitating the movement of
single cells or groups of cells, and effects of neurohormones upon dissociated
heart cells were demonstrated.

2. ENCODING OF NEURAL INFORMATION .

a. Twenty-one neuroblastoma clones were examined for choline acetyltrans-
ferase, tyrosine hydroxylase, acetylcholinesterase, and also for neurite forma-
tion. One clone was found that does not form axons or dendrites. Three types

of clones were found with respect to neurotransmitter synthesis: cholinergic
clones, adrenergic clones, and clones that do not synthesize acetylcholine or

catechols. All clones contain acetylcholinesterase. No cells were found that
actively synthesize both acetylcholine and catechols.

Tumors of cholinergic neurons have not been reported before. They prob-
ably afflict man, but may not have been recognized for lack of a diagnostic
test. Since few mammalian cells other than neurons have high activities of

choline acetyltransferase, the enzyme and acetylcholine should be useful
specific diagnostic markers for cholinergic neuroblastomas.

Analysis of sublines derived from clonal cells demonstrates that most, but

not all, resemble the parent type. We conclude that genes determining neuro-

transmitter species can be expressed in dividing cells, that the parental
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programs of gene expression are inherited, and that dividing cells can be
programmed with respect to their ability to establish functional communication
with other cell types before synapses are formed.

b. Regulatory reactions for neuroblastoma choline acetyltransferase and
tyrosine hydroxylase activities were detected; 5- and 30-fold variations in
specific activities were observed, respectively.

3. DECODING OF NEURAL INFORMATION .

a. Prostaglandin receptors . The effect of catecholamines, histamine,
carbamylcholine, 5-hydroxytryptamine, adenosine and prostaglandins E^ , E„,
F^ , F- , A^ and A^ on intracellular levels of 3',5'-cyclic AMP in clonal lines
or neuroblastoma were examined. Only prostaglandins E-i and to a lesser extent
E2 stimulated cAMP levels. This is the first time that a putative neurohor-
mone has been shown to affect the cyclic AMP levels of defined cells of neural
origin. Prostaglandin E-^ also inhibited the rate of cell division, particularly
in the presence of theophylline. Thus, factors regulating cyclic AMP levels
may affect the course of cell differentiation or provide mechanisms for cell
selection during development.

The stimulatory effect of PGE-]^ on cyclic AMP levels allows one to produce
both rapid and long-lasting changes in the intracellular levels of the nucleo-
tide in this model system. This ability should greatly facilitate the investi-
gation of possible effects of the cyclic nucleotide on the differentiated
neuronal properties exhibited by these cells.

b. Acetylcholine receptors . Clonal lines of neuroblastoma cells contain
four types of cells with respect to acetylcholine receptors: cells that do

not respond to acetylcholine; cells with excitatory receptors; cells with in-
hibitory receptors; and cells with both excitatory and inhibitory receptors.

c. g-receptors . The nearest neighbor relationship between neurons and
glia, the fact that glia comprise 50-90% of the cells of the mammalian nervous
system, and the ability of certain types of glia to ensheath axons and synapses
of some neurons suggest that neurons and glia may be coupled metabolically.

The effects of potential neurohormones on the intracellular concentrations
of adenosine 3',5'-cyclic monophosphate were examined with three clonal lines
of glial cells, each derived from a separate tumor, that synthesize the S-100
protein, a protein found only in the nervous system. In each case, norepi-
nephrine and isoproterenol, but not other transmitters, produced a striking
elevation of the intracellular concentration of cyclic AMP. The response was

mediated by a g-adrenergic receptor. These results suggest that certain
neurotransmitters serve as messengers to both neurons and glia, and that the

flow of information to each cell type is coupled to the action potential. As

a corollary, glia, like neurons, may exhibit specificity in their responses to

neurohormones. Mechanisms for communication with opposite polarity, from glia

to neurons, also seem likely. The proposed relationship between neurons and

glia is functionally analogous to synapses between neurons, or between neurons

and other effector cells.
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By analogy with bacterial and eukaryotic systems, the repertoire of cAMP
action in glia could thus span the range of regulation of short-term effects
on membrane parameters and enzyme activity to long-term—perhaps irreversible

—

effects on the expression of genetic information.

4. TRANSMISSION VIA EXCITABLE MEMBRANES .

The electrical properties of neuroblastoma cells were extensively character-
ized in collaboration with P. Nelson and J. Peacock (NICHD) . A marked increase I

in electrical excitability and neurite formation was found as clonal cells were
shifted from the logarithmic to the stationary phase of growth. Selection for
nondividing cells with aminopterin yielded populations of cells highly enriched
for excitable cells. These results provide evidence for a reaction regulating
the action potential in cultured cells, and also provide methods for shifting
in synchrony populations of passive cells to cells with electrically excitable
membranes

.

Clones were found to differ markedly in their capacity to extend processes
and their ability to generate action potentials, and one clone was detected
with genetically stable defect in neurite formation and a defect in a step(s)
required for the action potential.

5. CHEMISTRY OF MICROTUBULES AND NEUROFILAMENTS .

Our research is also directed toward understanding the chemistry of micro-
tubules and neurofilaments and their role in cell function and physiology.
Particular effort is being expended on an investigation of GTP in the assembly (

of the microtubules. Vinblastine has been shown to displace GTP from the pro-
tein under certain conditions, and the possibility that some of the vinca alka-
loid's anti-tumor activity is due to a GTP-like property of the drug is being
investigated.

Neurons of patients with senile dementia show large neurofibrillary
tangles. We have isolated these neurons and are in the process of purifying
and characterizing these tangles.

B. NUCLEOTIDE AND NUCLEIC ACID METABOLISM .

1. Cyclic AMP in E. coll .

We have found that the synthesis of cyclic AMP (cAMP) in jE. coll is not
controlled coordinately with growth. During a period of active growth, when
nutrients are in excess, cAMP does not accumulate; however, when cells stop
growing and nutrients are exhausted, cAMP concentrations rise. When cAMP
accumulates, it is mainly extracellular. High concentrations of glucose pre-

^
vent cAMP synthesis, even when growth has stopped. An investigation of the

mechanism of the control of cAMP levels has thus far indicated that the levels

of the enzymes for formation and degradation of cAMP are invariant in extracts
of cells producing or not producing cAMP.
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2. Arginyl-tRNA synthetase mechanism .

Arginyl-tRNA synthetase exhibits the unusual property of requiring its
specific tRNA for the amino acid-dependent exchange of pyrophosphate into ATP.
This unique situation prompted us to carry out a detailed kinetic study of the
enzyme reaction. By a variety of experiments, we were able to deduce that the
enz3ane operates by a mechanism involving the random addition of the three sub-
strates, arginine, ATP and tRNA^^S, followed by a random release of the three
products arginyl-tRNA, AMP and PPi. The inability to detect discrete reaction
intermediates suggests that the reaction operates by a concerted mechanism. In
contrast, the other aminoacyl tRNA synthetases whose mechanisms have been
studied, operate by "ping-pong" mechanism rather than the random sequential
mechanism shown here.

3. The involvement of leucine in tRNA modification .

When E. coli with "relaxed control" are deprived of methionine, they syn-
thesize tRNA devoid of methylated bases. We have found, as judged by column
chromatography, that when "relaxed control" E^. coli are deprived of leucine,
unusual forms of tRNA are synthesized. Results to date indicate that new
species are formed corresponding to the tRNA's for almost all the amino acids.
We therefore suspect that leucine is either involved in some tRNA modification
or in the control of tRNA synthesis.

4. The biochemistry of N-(purin-6-carbamoyl) -threonine (tA) in tRNA .

We have taken advantage of our previous finding that threonine is the pre-
cursor of this minor base in tRNA to label specifically those species contain-
ing tA. Using a procedure previously devised for studying isopentenyladenosine
in tRNA (Peterkofsky and Jesensky, Biochemistry 8^, 3798, 1969), we have deter-
mined the distribution of tA among the acceptor species of tRNA. We have found
that tA occurs in all those species of tRNA whose codons begin with A and in

no other tRNA's. This distribution is in contrast to that of isopentenyladeno-
sine, which occurs only in those tRNA's whose codons begin with U.
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Serial No. NHLI-314
1. Biochemical Genetics
2. Molecular Biology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Encoding and decoding of neural information.

Principal Investigators: M. Nirenberg, T. Amano, E. Richelson, A. Oilman,
Z. Vogel, A. Sytkowski, A. Chalazonitis, B. Ham-
precht, and S. Levisohn.

Other Investigators: None.

Cooperating Units: None.

Project Description:

1. Experimental systems and assays . Methods and assays were devised for cul-
turing cells from the nervous system and for determining the levels or activi-
ties of about 20 species of molecules required for neural communication, such

as enzymes of transmitter synthesis and catabolism, transmitters, receptors
with linked amplification steps for transmitters that affect cyclic AMP or

cyclic GMP levels, and nicotinic acetylcholine receptors. At the same time

several hundred clonal cell lines of neural origin were established. The cell

lines and methods of assay afford many opportunities to study neural properties

and regulatory and developmental phenomena at the molecular level, using both
genetic and biochemical techniques.

2. Transmitter synthesis by neuroblastoma clones . Twenty-one neuroblastoma
C-1300 clones (obtained from the same tumor) were examined for choline acetyl-
transferase and tyrosine hydroxylase activities. Three types of clones were
found with respect to neurotransmitter synthesis: cholinergic clones, adrener-
gic clones, and clones that do not synthesize acetylcholine or catechols. No

cells were found that actively synthesize both acetylcholine or catechols.

Subclones of cholinergic, adrenergic and inactive clones were obtained and

also were assayed for specific enzyme activities. Most sublines resembled the

parental type with respect to transmitter synthesis. These results show that

genes determining neurotransmitter species can be expressed in dividing cells,

that the parental programs of gene expression are inherited, and that dividing

cells can be programmed with respect to their ability to establish functional
communication with other cell types before synapses are formed.

3. Regulation . Reactions regulating the specific activities of neuroblastoma
cholin eacetyltransferase and tyrosine hydroxylase were detected; specific

activities were 5- and 30-fold higher, respectively, in nondividing cells than

in logarithmically multiplying cells.
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4. Defective cell lines . Clonal lines of neuroblastoma 'C-1300 were obtained
that attach well to the surface of a petrl dish but are unable to extend axons
or dendrites. Many clones with other defects were also found.

5. Markers for gene expression, I; Cultured cells from the nervous system .

The activities of enzymes that are markers of neurons also were determined with
cultured cells dissociated from normal mouse and rat brain. The results showed
that enzymes characteristic of neurons are present after lengthy periods of

culture. The effect of growth conditions upon neural markers was actively
explored, both in this laboratory and Independently by former members of the

laboratory during the past year. Modification of growth conditions resulted in

a marked Increase in levels of neural enzymes.

6. Neuron-glla communication . The nearest neighbor relationship between
neurons and glla, the fact that glla comprise 50-90% of the cells of the mamm-
alian nervous system, and the ability of certain types of glla to ensheath axons

and synapses of some neurons suggest that neurons and glla may be coupled meta-
bolically.

The effect of potential neurohormones on the Intracellular concentrations of

adenosine 3' :5' -cyclic monophosphate were examined with three clonal lines of

glial cells, each derived from a separate tumor, that synthesize S-100, a pro-

tein found only in the nervous system. In each case, norepinephrine or iso-

proteterenol, but not other transmitters, strikingly elevated intracellular

concentrations of cyclic AMP. The response was mediated by &-adrenergic re-

ceptors. These results suggest that certain neurotransmitters serve as messen-

gers to both neurons and glla, and that the flow of information to each cell

type is synchronized and coupled to the action potential. Mechanisms for

communication with opposite polarity, from glla to neurons, also seem likely.

The proposed relationship between neurons and glla is functionally analogous

to synapses between neurons, or between neurons and other effector cells.

7. Prostaglandin receptors ; The effect of catecholamines, histamine, carba-

mylchollne, 5-hydroxytryptamine, adenosine and prostaglandins Ej^, E2, F,^, ^20'
A^ and A„ on Intracellular levels of 3' :5 '-cyclic AMP in clonal lines of neuro-

blastoma were examined. Only prostaglandins E, and to a lesser extent E™ stim-

ulated cAMP levels. This is the first time that a putative neurohormone has

been shown to affect the cyclic AMP levels of defined cells of neural origin.

Prostaglandin E, also inhibited the rate of cell division, particularly in the

presence of theophylline. Thus, factors regulating cyclic AMP levels may affect

the course of cell differentiation or provide mechanisms for cell selection

during development

.

The stimulatory effect of PGE, on cyclic AMP levels allows one to produce

both rapid and long-lasting changes in the Intracellular levels of the nucleo-

tide in this model system. This ability should greatly facilitate the investi-

gation of possible effects of the cyclic nucleotide on the differentiated

neuronal properties exhibited by these cells.
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8. Acetylcholine receptors . Three types of neuroblastoma or hybrid clones

were found with respect to acetylcholine receptors: clones with excitatory
acetylcholine receptors; clones with inhibitory receptors; and clones with
both excitatory and inhibitory receptors.

Honors and Awards: None.

Publications

:

1. Wilson, S. H. , Schrier, B. K., Farber, J. L. , Thompson, E. J., Rosen-
berg, R. , Blume, A., and Nirenberg, M. : Markers for gene expression
in cultured cells from the nervous system. J. Biol. Chem . 217: 3159-
3169, 1972.

2. Amano, T. , Richelson, E. , and Nirenberg, M. : Neurotransmitter syn-
thesis by neuroblastoma clones. Proc. Nat. Acad. Sci. USA 69: 258-
263, 1972.

3. Oilman, A. G. , and Nirenberg, M. : Effect of catecholamines on adeno-
sine 3':5'-cyclic monophosphate concentration in clonal satellite cells
of neurons. Proc. Nat. Acad. Sci. USA 68: 2165-2168, 1971.

4. Oilman, A. G. and Nirenberg, M. : Regulation of adenosine 3':5'-cyclic
monophosphate metabolism in cultured neuroblastoma cells. Nature 234:

356-357, 1971.

5. Heeds, N. W. and Gilman, A. G. : Norepinephrine stimulated increase of

cyclic AMP levels in developing mouse brain cell cultures. Science 174;

292, 1971.

6. Murad, F. , and Gilman, A. G. : Adenosine 3' :5' -monophosphate and guano-
sine 3' :5' -monophosphate: A simultaneous protein binding assay. Bio-
chim. Biophys. Acta 252: 397-400, 1971.

7. Schultz, J., Hamprecht, B., and Daly, J. W. : Accumulation of adenosine
3' :5' -cyclic monophosphate in clonal glial cells: Labeling of intra-
cellular adenine nucleotides with radioactive adenine. Proc. Nat. Acad .

Sci. USA 69: 1266-1270, 1972.
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Serial No. NHLI-315
1. Biochemical Genetics
2. Molecular Biology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Genetic dissection of neural properties.

Previous Serial Number: None.

Principal Investigators: John Minna and Marshall Nirenberg

Other Investigators: Devera Glazer

Cooperating Units: None.

Project Description:

This project is concerned with the genetic analysis of neural properties
using somatic cell hybrids. Hybrid cell strains formed by mating neuroblastoma
cells and mouse L cells were analyzed for a number of neural characteristics:
neurite formation, silver staining, acetylcholinesterase, and electrical ex-
citability. The results show that a large set of neuronal genes are expressed
in somatic cell hybrids and that hybrid cell lines with specific defects in

gene expression are generated in high yield. This provides a general experi-
mental approach to the problems of unraveling the biochemistry of neural
function.

Honors and Awards: None.

Publications:

Minna, J., Glazer, D. , Nirenberg, M. : Genetic dissection of neural
properties using somatic cell hybrids. Nature New Biol . 235: 225-231,
1972.

Minna, J.: Tissue culture and the new biology. The Science Teacher 38:

47-53, 1971.
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Serial No. NHTJ-316
1. Biochemical Genetics
2. Molecular Biology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Electrical properties of neuroblastoma cells.

Principal Investigators: J. Minna and M. Nirenberg.

Other Investigators: None.

Cooperating Units: P. Nelson and J. Peacock, National Institute of Child
Health and Human Development

.

Project Description:

A marked increase in electrical excitability and neurite formation was
found as clonal cells were shifted from the logarithmic to the stationary phase
of growth. Selection for nondividing cells with aminopterin yielded populations
of cells highly enriched for excitable cells. These results provide evidence
for a reaction regulating the action potential in cultured cells, and also pro-
vide a method for shifting, in synchrony, populations of cells with passive
membranes to populations with electrically excitable membranes.

Clones were found to differ markedly in their capacity to extend processes
and their ability to generate action potentials. A defective clone was found
without one step required for the action potential.

Honors and Awards: None.

Publications

:

1. Peacock, J., Minna, J., Nelson, P. and Nirenberg, M. : The use of

aminopterin in selecting electrically active neuroblastoma cells.
Exptl. Cell Res., in press.

2. Nelson, P. G., Peacock, J. H. , Amano, T. , and Minna, J.: Electro-
genesis in mouse neuroblastoma cells in vitro . J. Cell Physiol . 77:

337-352, 1971.

3. Nelson, P. G., Peacock, J. H., and Amano, T. : Responses of neuro-
blastoma cells to iontophoretically applied acetylcholine. J. Cell

Physiol . 77: 353-362, 1971.

4. Nelson, P. G. , Peacock, J., Minna, J. D. : An active electrical
response in L-cells. J. Gen. Physiol.

,

in press.
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Serial No. NHLI-317
1. Biochemical Genetics
2. Molecular Biology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Generation of propagating differentiating cell lines in vitro
using somatic cell hybridization.

Previous Serial No. None.

Principal Investigators: John Minna, Marshall Nirenberg

Other Investigators: William Shain, Lloyd Greene

Cooperating Units: Hayden Coon, National Cancer Institute

Project Description:

This project is concerned with an attempt to generate propagating cell
strains from normal tissue that express differentiated properties. Normal
mouse cells from nervous system, heart and liver were fused to clonal fibro-
blasts that grow well ^ vitro and propagating hybrid cell lines were selected.
These lines will be examined for chromosome content and expression of differ-
entiated functions. This should prove to be a general method for deriving
clonal cell lines expressing differentiated properties from normal tissues.

Honors and Awards: None.

Publications: None.
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Serial No. NHLI-318
1. Biochemical Genetics
2. Molecular Biology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Method to monitor rate and velocity of cell motion in culture.

Previous Serial Number: None.

Principal Investigator: Edward J. Thompson

Other Investigators: Samuel H. Wilson, Marshall Nirenberg.

Cooperating Units: William H. Schuette, Biomedical Engineering and Instru-

mentation Branch, and Willard C. Whitehouse, Television

Engineering Branch, Clinical Center.

Project Description:

Single heart cells were monitored by television video analysis and a photo-

field effect transistor during inotropic and chronotropic changes Induced by

norepinephrine

.

Honors and Awards : None

.

Publications:

Thompson, E. J., Wilson, S. H., Schuette, W. H., Whitehouse, W. C, and

Nirenberg, M. W. : Measurement of the rate and velocity of movement of

single heart cells in culture. Am. J. Cardiology, in press.
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Serial No. NHLI-319
1. Biochemical Genetics
2. Molecular Biology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Genetic analysis of A particle regulation using somatic cell

hybrids.

Previous Serial Number: None.

Principal Investigator: John Minna

Other Investigators: None.

Cooperating Units: Edward L. Kuff and Klra K. Lueders, National Cancer
Institute

Project Description:

This project is concerned with the elucidation of genetic factors con-

trolling the production of intraclsternal particles in clonal cell lines in

vitro . Somatic cell hybrids were made between cell strains with high numbers
of the intraclsternal A particle and strains with little or

no A particles, and A particle content was assayed using specific antisera.
The expression of high levels of A particles was dominant. Because of a

unique type of RNA-dependent DNA polymerase associated with the "A" particles,
the further genetic analysis of this system should prove useful for elucidating
the production of reverse transcriptase activity.

Honors and Awards: None.

Publications: None.
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Serial No. NHLI-320
1. Biochemical Genetics
2. Molecular Biology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Project Title: Neural Models for a two-dimensional nerve net

Previous Serial Number: None.

Principal Investigator: Kenneth Trabert

Other Investigators: None.

Cooperating Units: None.

Project Description:

Theoretical models of a two-dimensional nerve net are being studied to

determine their limits of stability. A search for domains of cooperative

activity within the model is being made by analytical methods. It is hoped

that an algebraic expression relating the parameters that determine the bound-

aries of such domains can be established by these methods.

Honors and Awards: None.

Publications: None.
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Project Title:

Serial No. NHLI-321
1. Biochemical Genetics
2. Molecular Biology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1972

Chemistry of microtubules and neurofilaments and their role
in cell function.

Previous Serial Number: None.

Principal Investigator: Michael Shelanski

Other Investigators: Mathew P. Daniels,

Cooperating Units: Dr. Robert Berry, Division of Biology, California Insti-
tute of Technology, Pasadena.

Project Description:

The research is directed toward understanding the chemistry of micro-
tubules and neurofilaments and their role in cell function and physiology.
Particular effort is being expended on an investigation of GTP in the assembly
of the microtubules. Vinblastine has been shown to displace GTP from the pro-
tein under certain conditions, and the possibility that some of vinca alkaloid's
anti-tumor activity is due to a GTP-like property of the drug is being investi-
gated.

Neurons of patients with senile dementia show large neurofibrillary
tangles. We have isolated these neurons and are in the process of purifying
and characterizing these tangles.

Honors and Awards: None.

Publications:

Shelanski, M. L. , Albert, S., DeVries, G. H., and Norton, W. T.

lation of filaments from brain. Science: 17A, 1242, 1971.

Iso-

2. Shelanski, M. L. , and Weisenberg, R. C.

:

Cytochemical methods for the

study of microfilaments and microtubules. In Rosenbaum and Gluck, eds.:

Techniques in Biochemical and Biophysical Morphology . Vol. 1, Wiley
^

Interscience, in press. V

Shelanski, M. L., and Feit, H.

:

filaments and neurotubules. In

Function of Nervous Tissue. New York, Academic Press, Vol

Biochemistry and Dynamics of neuro-
Bourne, G. (ed.): Structure and

6, 1972.
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4. Feit, H. , Button, G. R. , Barondes, S. H., and Shelanski, M. L.

:

Microtubule protein: Identification in and transport to nerve
endings. J. Cell Biol . 51: 138 1971.

5. Feit, H. , Slusarek, L. , and Shelanski, M. L. : Heterogeneity of
tubulin subunlts. Proc. Nat. Acad. Sci. USA 68: 2028, 1971.

6. Raine, C. S., Ghetti, B. , and Shelanski, M. L. : On the association
between tubules and mitochondria in axons. Brain Res . 34: 389, 1971.

7. Ventilla, M. , Cantor, C. R. , and Shelanski, M. L. : A circular di-
chroism study of microtubule protein. Biochemistry 11: 1554, 1972.

8. Berry, R. W. , and Shelanski, M. L: Interactions of vinblastine and
GTP with tuljulin. J. Mol. Biol . . in press.

9. Margolis, R. K. , Margolis, R. U. , and Shelanski, M. L.: The carbo-
hydrate composition of brain microtubule protein. Biochem. Biophys .

Res. Commun . 47: 432, 1972.

10. Shelanski, M. L. , Feit, H. , Berry, R. W. , and Daniels, M. : Some
biochemical aspects of neurotubule and neurofilament proteins. In
Davison, A. N. , Morgan, I. G. , and P. Mandel (eds.): Structural and
Functional Proteins of the Nervous System . Plenum Press, 1972.

11. Shelanski, V., and Shelanski, M. L. : The validity of drug-induced
ablation experiments in the study of microtubules: Methods and
critique. In Marks and Rodnight (eds.): Methods in Neurochemistry ,

Vol. 2. Plenum Press.

12. Shelanski, M. L. : Chemistry of filaments and tubules in brain.
Symposium of the American Society for Histochemistry , Boston, 1972,
to be published in J. Histochem. and Cytochem.

13. Shelanski, M. L. , and Shelanski, V.: Structure and chemistry of
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Project Title: The mechanism of E. coll arglnyl-tRNA synthetase.

Previous Serial Number: None.

Principal Investigators: lakis Papas and Alan Peterkofsky

Other Investigators: None.

Cooperating Units: None.

Project Description:

Arglnyl-tRNA synthetase exhibits the unusual property of requiring its

specific tRNA for the amino acid-dependent exchange of pyrophosphate into ATP.

This unique situation prompted us to carry out a detailed kinetic study of the

enzjnne reaction. By a variety of experiments, we were able to deduce that the
enzyme operates by a mechanism Involving the random addition of the three sub-
strates, arginine, ATP and tRNA °, followed by a random release of the three

products arglnyl-tRNA, AMP and PPi. The inability to detect discrete reaction
intermediates suggests that the reaction operates by a concerted mechanism. In

contrast, the other amlnoacyl tRNA synthetases whose mechanisms have been
studied, operate by ping-pong mechanisms rather than the random sequential
mechanism shown here.

Honors and Awards: None.

Publications:

Papas, T. S. and Peterkofsky, A.: Sequential substrate addition to E. coli
arginyl-tRNA synthetase. Fed. Proc . 31: A50, 1972.

Sf^



Serial No. NHLI-323
1. Biochemical Genetics
2. Macromolecules
3. Bethesda, Maryland

PHS-NIH
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Project Title: The origin or pyroglutamlc acid In mammalian proteins.

Previous Serial Number: NHLI-339.

Principal Investigators: Daniel Twardzik and Alan Peterkofsky.

Other Investigators: None.

Cooperating Units: Ettore Appella, National Cancer Institute.

Project Description:

Pyroglutamlc acid (pGlu) occurs as the N-terminal amino acid of many
mammalian proteins. We are continuing studies to determine the biosynthetic
pathway for this amino acid. Last year's study showed that pGlu of an immuno-

globulin produced by a mouse plasmacytoma was derived from glutamic acid, but

not glutamine. Our studies this year have been focussing on whether the

glutamic acid is a direct initiator of the pGlu-containing protein or derived
by some post-translational mechanism. These studies are still in progress.

Honors and Awards: None.

Publications

:

Twardzik, D. , Appella, E. and Peterkofsky, A.: Glutamic acid as a pre-
cursor to N-terminal pyrrolidone carboxylase acid in mouse plasmacytoma
protein. Fed. Proc . 30: 1216, 1971.

Twardzik, D. R. and Peterkofsky, A. : Glutamic acid as a precursor to

N-terminal pyroglutamlc acid in mouse plasmacytoma protein. Proc. Nat .

Acad. Sci. USA 69: 274-277, 1972.
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Project Title: The biology of cyclic AMP in E^. coll .

Previous Serial Number: None.

Principal Investigator: Alan Peterkofsky

Other Investigators: Celia Gazdar

Cooperating Unit: None.

Project Description:

We have found that the synthesis of cyclic AMP (cAMP) in E^. coll is not

controlled coordinately with growth. During a period of active growth, when
nutrients are in excess, cAMP does not accumulate; however, when cells stop

growing and nutrients are exhausted, cAMP concentrations rise. When cAMP

accumulates, it is mainly extracellular. High concentrations of glucose pre-
vent cAMP synthesis, even when growth has stopped. An investigation of the

mechanism of the control of cAMP levels has thus far indicated that the levels

of the enzymes for formation and degradation of cAMP are invariant in extracts
of cells producing or not producing cAMP. Further investigations of this

system are under way.

Honors and Awards: None.

Publications:

Peterkofsky, A. and Gazdar, C: Glucose and the metabolism of adenosine
3':5'-cyclic monophosphate in Escherichia coli. Proc. Nat. Acad. Sci .

USA 68: 2794-2798, 1971.
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Project Title: Biochemistry of rare constituents of tRNA.

Previous Serial Number: NHLI-338.

Principal Investigators: Donald Powers, Maurllle Fournier, Marcia Litwack,
Jane Marmor and Alan Peterkofsky.

Other Investigators: None.

Cooperating Units: None.

Project Description:

A. The involvement of leucine in tRNA modification (Maurille Fournier
and Alan Peterkofsky) . When E^. toll with "relaxed control" are deprived of
methionine, they synthesize tRNA devoid of methylated bases. We have found,
as judged by column chromatography, that when "relaxed control" E^. coli are
deprived of leucine, unusual forms of tRNA are synthesized. Results to date
indicate that new species are formed corresponding to the tRNA's for almost
all the amino acids. We therefore suspect that leucine is either involved in
some tRNA modification or in the control of tRNA synthesis.

B. The biochemistry of N-(purin-6-carbamoyl) -threonine (tA) in tRNA
(Donald Powers and Alan Peterkofsky) . We have taken advantage of our previous
finding that threonine is the precursor of this minor base in tRNA to specifically
label those species containing tA. Using a procedure previously devised for
studying isopentenyladenosine in tRNA (Peterkofsky and Jesensky, Biochemistry 8_,

3798-3809, 1969), we have determined the distribution of tA among the acceptor
species of tRNA. We have found that tA occurs in all those species of tRNA
whose codons begin with A and in no other tRNA's. This distribution is in
contrast to that of isopentenyladenosine, which occurs only in those tRNA's
whose codons begin with U.

Honors and Awards: None.

Publications

:

Peterkofsky, A., Litwack, M. and Marmor, J.: Modified bases and transfer
RNA function. Cancer Research 31: 675-678, 1971.

Powers, D. M. and Peterkofsky, A.: Biosynthesis and specific labeling of

N-(purin-6-ylcarbamoyl) threonine of Escherichia coli transfer RNA. Bio-
chem. Biophys. Research Commun . 46: 831-838, 1972.
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Doctor, B. P., Brenner, D. J., Fanning, G. R. , Faulkner, A. G. , Fournier,
M. J., Miller, W. L. , Peterkofsky, A., and Sodd, M. A.: Further character-
ization of purified E. coli tRNA cistrons. Fed. Proc . 30: 1218, 1971.

Powers, D. M. : Biosynthesis of N-purin-6-ylcarbainoyl) threonine and its

localization in tRNA's that recognize codons beginning with adenine.

Fed. Proc. 31: 450, 1972. |
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